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THE CHEMICAL DEPOSITION OF COPPER MIRRORS 
ON GLASS 


By EVELYN C. MARBOE and W. A. WEYL* 
Glass Science, State Cellege, Pa. 


Daring some investigations dealing with the chemical 
reactions of glass surfaces it became essential to find a 
method for detecting metallic gold, platinum, silver or 
copper in quantities where these metals did not yet con- 
tribute to light absorption or reflection. It was found 
that the most convenient method to detect these invisible 
metal layers was by physical development with a copper 
tartrate-formaldehyde solution. At slightly elevated tem- 
peratures such a solution precipitates a brilliant copper 
mirror where the glass surface is activated by the presence 
of a noble metal. This reaction forms the basis for a 
process of coppering glass which is used in the manu- 
facture of Dewar flasks. 

Seaching the literature we found that there is a remark- 
able lack of information on the copper deposition on 
glass by means of chemical reactions. This and the 
general interest of the glass industry in metal to glass 
seals stimulated the present work. Its scope has been 
limited to the deposition of metallic copper but other 
metals are mentioned in passing, where their reaction 
helps to further our understanding of the fundamental 
process of metal deposition. The work is also limited 
to the deposition by means of chemical reactions. Con- 
sequently it does not include those methods which bring 
the metal onto the glass surface by mechanical means, 
such as rubbing the metal powder into a roughened glass 
surface or by evaporation, cathode spattering or by means 
of a spray gun. 


Cenditions for the Formation of 
Metal Mirrors on Glass 


Among the multitude of chemical reactions which lead 
to the formation of a noble metal such as silver, copper 
or gold, there are only a few which can be used to pre- 
cipitate the metal in the form of a mirror. All torms of 
a metal which are characterized by an unusually large 
surface must be considered unstable in respect to the 
coarsely crystalline product. V. Kohlschiitter' made 
an extensive study of the forms of silver which can be 
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obtained by the reduction of its compounds. Low tem- 
perature reactions like 

Ag,O + CO > 2Ag + CO, (50°C.) 
favor the formation of a spongy metal with a large sur- 


face. The reduction of the oxide by heat alone, the 
thermal dissociation 
Ag,O > 2Ag + Vg, (350°C.) 
leads to a more compact metal. Under certain conditions 
the silver forms long hair-like threads, eg., if the sulfide 
or the chloride are reduced by means of hydrogen. 
Ag.S + H, > 2Ag + HS (440°C.) 
2AgCl1 + H, * 2Ag + 2HC1 (550°C.) 
Formation of hair-silver also can be observed in the 
development of silver grains of the photographic plate. 
Usually it is limited to rather narrow temperature con- 
ditions and its formation indicates that the particular 
reaction is taking place chiefly at the interface silver-silver 
compound. In other words, the unusual form of hair-silver 
is the result of a topochemical reaction. 

The same is true for-silver mirrors. Kohlschiitter’ 
found, that mirror formation is the result of a reaction 
which depends on the catalytic action of the glasswall. 
In all normal silvering processes, where the metal is 
precipitated from an ammoniacal solution by means of a 
reducing agent, he assumed that the first step is the 
adsorption of AgOH at the glass surface. Another con- 
dition of equal importance for mirror formation is the 
prevention of the silver atoms formed and adsorbed at 
the glass surface from gathering into the more stable 
coarser aggregates, that means to prohibit recrystalliza- 
tion of the metal film. Both factors, i.e., wall catalysis 
and prohibition of recrystallization, shall be discussed in 
more detail. They form the basis of all processes which 
produce metal mirrors by means of chemical reactions. 

The Participation of the Glass Surface. Kohlschiitter’s 
explanation is still valid today: Silver mirrors are formed 
under conditions where the reducing agent does not attack 


*Director of Glass Science and Professor of Glass Technology, The 
Pennsylvania State College, State College, Pennsylvania. 


119 











the silver compound in solution with measureable speed, 
but restricts its activity to those silver ions which are in 
contact with the glass-surface. In order to explain the 
mysterious action of the glass surface he assumed that 
it precipitates AgOH from the solution which as a rule 
contains the silver as a complex ion. Furthermore, he 
expects the reducing agent to accumulate at the glass 
surface by means of preferential adsorption; this is sup- 
ported by the fact that the mirror forming reducing 
agents, aldehydes, belong to the group of capillary active 
molecules. M. Volmer* proved that the reduction poten- 
tial of the reducing agent has nothing to do with its 
ability to produce mirrors and accepts V. Kohlschiitter’s 
theory of mirror formation as sound and in accordance 
with the chemical behavior of silver compounds. 

In the formation of a silver mirror it is probable that 
the first step is a base exchange between Ag* and the 
Na* of the glass surface, rather than a mere adsorption 
of AgOH. There is of course no principal difference 
between the two pictures, but the formation of a silver 
ion containing glass surface seems to be more consistent 
with the experimental observations; namely. 


1. Silver ions present in a silicate glass can be reduced 


by hydrogen gas at a temperature as low as 
80°-100°C; (W. A. Weyl’). 


2. Silver ions enter the glass surface even from slightly 
acidic solutions, where the precipitation of AgOH 
is improbable. 


3. Glasses with high Na* content are particularly 
suitable for silvering. 


Once the first film of metallic atoms has formed, the metal 
assumes the potential of the reducing agent and from now 
on the reduction proceeds at the metal surface. 

Exactly the same conditions are responsible for the 
formation of copper mirrors. Whenever a reaction lead- 
ing to elemental copper is made possible by the active 
participation of the glass surface, mirror formation can 
be expected. Participation of the glass surface means, of 
course, much more than just being the seat of the chem- 
ical reaction; it means that the glass, as such, enters into 
the chemical reaction. 

If an aqueous solution of cupric ammonium oxalate is 
exposed in a quartz glass tube to the radiation of a 
mercury lamp, photolysis takes place and metallic copper 
is formed. The U.V. transmission of the quartz glass 
container and the strong absorption of the solution limit 
this photochemical process to the glass-liquid interface. 
Nevertheless no copper mirror is formed. The copper 
crystallizes and deposits at the glass surface in coarse 
aggregates. The reaction takes place at the glass surface 
but without its active participation in the process. 

It is known that the divalent cupric ions do not enter 
into base exchange with the monovalent alkali with the 
same ease as do silver ions. Furthermore, cupric ions 
present in the glass are not reduced to elemental copper 
with the same ease as silver ions. Consequently copper 
‘ mirrors cannot be obtained from cupric-compounds by 
a reaction analogous to the silvering process, but require 
a modification of the glass surface, e.g., an activation with 
metallic silver, copper or gold in order to make it a 
catalyst. 

The above, however, does not apply to the munovalent 
cuprous ions. They can replace alkali ions to a certain 
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extent and they are more easily reduced than the cupric 
ions. 

Prohibition of Recrystallization. Once a molecular 
film of metal atoms has formed at the glass surface, forces 
are at work to destroy this film and change it into a crystal- 
line aggregate of smaller surface. In order to produce a 
mirror one has to counteract this effect. This can be done 
by two principally different methods; namely, (1) by 
increasing the attraction forces between the metal atoms 
and the glass and (2) by decreasing the mobility of the 
metal atoms. 

The first method involves phenomena which are not 
yet satisfactorily explained and which deal with the more 
general problem of glass to metal adherence. The surface 
of a freshly broken glass exerts stronger valence forces 
than the same glass after having been exposed to the air. 
The adsorption of gases or vapors will interfere with the 


intimate contact between metal and glass and consequently , 


decrease adherence and further recrystallization. We know 
nothing about the exact nature of the forces acting be- 
tween a metal and the ions constituting the glass struc- 
ture. It is highly probable, however, that these forces are 
based on the deformation of the outer electronic shells 
of certain ions. Consequently we would expect that glasses 
containing ions of noble gas character only will not exert 
the same strong attraction on a metal as those which in 
addition to the normal constituents of glass, namely O*, 
Si**, Ca** and Na’, also contain ions of non-noble gas 
character such as Pb**, Bi** and Sn**. We have some 
information on the influence of ions of the last type on 
the solubility of noble metals in glass and it seems only 
reasonable to assume that the same principle is valid also 
for the surface reactions. It is generally known that 
treating a glass surface with stannous chloride before sil- 
vering not only accelerates the silver deposition but also 
increases the glass to metal bond strength. 

The second method of preventing recrystallization is 
based on the use of protective colloids which slow down 
the mobility of the copper particles. Kohlschiitter pointed 
out that the most suitable reducing agents; namely, for- 
maldehyde and sugars are likely to produce macro- 
molecular products in the alkaline media, that is, under 
conditions where a mirror forms. Furthermore, it is essen- 
tial that the reaction leading to a mirror takes place at a 
temperature sufficiently low to prevent recrystallization. 


Copper Depesition from the Vapor Phase 


The conditions for the formation of copper mirrors on 
glass—as outlined in the preceding paragraphs are based 
(1) on the active participation of the glass surface in the 
chemical reaction leading to the metal which tends to 
produce adherence and (2) on the prohibition of re- 
crystallization. We shall now discuss a number of typical 
reactions leading to the formation of metallic copper and 
investigate their suitability for mirror deposition; that 
is, how’ well they meet the above mentioned conditions. 

The first group of reactions have in common the ex- 
posure of the glass surface to the vapors of copper 
compounds. 

The Reaction of Cupric Chloride with Hydrogen. In the 
temperature range suitable for coating glassware the cop- 
per has no appreciable vapor pressure. Nevertheless cop- 
per vapor can be obtained by the reduction of volatile 


(Continued on page 136) 
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REARGUMENT STRONGLY EVIDENT IN GOVERNMENT’S 


PETITION FOR CLARIFICATION 


Much of the Department of Justice’s Petition to Supreme Court may be Construed as Reargument. 
Among other things asks that lower court be given power to dissolve Hartford-Empire. States that 
proceedings will be instituted for cancellation of basic patents. 


The Department of Justice, in its unusual plea to the 
Supreme Court for clarification or reconsideration of cer- 
tain phases of its opinion on the Hartford-Empire case, 
has incorporated eight points in its petition. 

The petition is described as a request for “clarification 
or reconsideration” and states “This. application is sub- 
mitted because the opinion is open to interpretation which 
would bring about results that hardly could have been 
intended.” 

While the Government’s petition has been generally 
considered intended for the purpose of clarification it 
should be noted that the Hartford-Empire Company, in 
its answering memorandum to the Supreme Court, vigor- 
ously maintains that the Department of Justice in its con- 
clusion (Section VIII. Dissolution) “seeks an alleged 
clarification of this Court’s opinion to permit the 
dissolution of Hartford.” It is further stated by Hart- 
ford that “The Government here manifests the apparent 
underlying purpose of its petition, which is to achieve 
the complete repudiation of—rather than mere clarifica- 
tion of—basic rulings in this Court’s opinion.” 

It was further emphasized that at the time of the trial 
in the District Court, Government, licensees, and the lower 
court were in agreement that perpetuation of Hartford 
would benefit the industry generally. 

A full and detailed review of all eight points of the 
Justice Department’s petition with the answering mem- 
oranda submitted by Hartford seems unnecessary. How- 
ever, highlights of these points are given in the following 
account together with other related facts. 

The other related facts pertain chiefly to briefs sub- 
mitted by other defendant glass companies who may be 
affected in one way or another by the result of the present 
action and final decree. 

Owens-Illinois has submitted a reply to the Government 
petition in which it states “Owens agrees with the De- 
partment that this Court’s opinion may raise certain 
questions of detail as to the intended modification of the 
judgment below. However, Owens believes that any am- 
biguity is more apparent than real, and that the District 
Court will have no serious difficulty in working out modi- 
fications appropriate to carry out this Court’s obvious 
intent.” Following this introduction each of the eight 
points in the petition are enumerated and the position of 
Owens-Illinois is presented with the exception of point 
four relating to Repossession of Machines on which it 
takes no position. 

Hazel-Atlas, in its memorandum on the Government 
petition, states in part as follows: “Although the petition 
of the Department does not ask for any clarification or 
reconsideration of the decision of this Court that “The 

other funds paid into court and impounded in the registry 
should be repaid to those who paid them into court,’ the 
petition does assert that the payment to Hartford of 


MARCH, 1945 


royalties from lessees of Hartford machines, from the 
‘earmarked’ funds, will give the Hazel-Atlas Glass Com- 
pany, whose funds were impounded, ‘an advantage over 
all its competitors.’ Since this statement is not correct, 
and if inadvertently assumed to be correct, might lead 
to some unsound conclusion, Hazel feels it its duty again 
to point out that the status of its impounded funds is 
totally different from that of the earmarked royalties, and 
that the Court’s order involves no such unfair advantage 
to Hazel, as the Department’s petition mistakenly alleges.” 

A memorandum was also submitted by Corning Glass 
Works in which it states “Corning Glass Works makes 
this reply to the Government’s petition solely in order to 
show that the position there taken relative to the status 
to be accorded to Corning’s machines is contrary to the 
Court’s decision. 

“The Government’s petition urges that the definition 
‘machinery used in the manufacture of glassware’ con- 
tained in Paragraph 1(F) of the present judgment should 
determine the scope of Paragraph 24, the compulsory 
licensing paragraph of the present judgment. The Gov- 
ernment ignores the fact that the definition has been 
modified by the Court so far as the scope of the com- 
pulsory licensing provisions of the judgment are con- 
cerned.” 

Further on in Corning’s very brief memorandum relat- 
ing to that part of the, judgment concerning compulsory 
licensing the following is submitted: “The following por- 
tions of the opinion, however, show that the Court could 
not have intended to subject these specialized machines 
to compulsory licensing: 

“1) Corning terminated its cross-license with Hartford 
in 1940, The court has expressly upheld that cancellation. 
It is to be noted that with respect to the container de- 
fendants, the Court has ruled that their license and cross- 
license agreements should remain in effect and that pro- 

visions inconsistent with the Court’s opinion must be 
eliminated. 

“2) Further, the Court has held that the transfer in 
1940 of the three patents from Hartford to Corning (two 
of which have expired and the third of which is to be 
dedicated to the public) was not illegal. The opinion 
states: ‘It does not appear that the ownership of this 
patent (the surviving patent) by Corning would tend to 
perpetuate or create any improper monopoly or patent 
pool.’ 

“3) The Court has also held that the ribbon machine 
was never a part of a combination of patents. Thus the 
Court states: ‘There is no claim that the ribbon machine 
patent was ever part of a combinatibn of patents’.” 

A brief on behalf of the Knox Glass Companies was 
filed by Arnold Boyd appearing as amicus curiae, repre- 

(Continued on page 135) 
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Nature's Glass 


. 

Gi. is a material primarily based on the silicates. It 
is to us almost entirely an industrial product though the 
material, as we now make it, still parallels in chemical 
and physical properties to a great extent the natural 
glasses. Undoubtedly our ancestors’ ancestors used this 
material very early in their existence, for examples have 
been found all over the world of artifacts made from 
obsidian and other uncrystallized forms of the silicates. 
These early forms were worked cold, as in the making 
of knives and arrowheads. It is difficult to imagine how 
the first aborigine learned that by pressing with a horn 
on the rock he could make an arrowhead with very good 
ballistic characteristics. Any other uses for this material 
were entirely ornamental. 

The stage of development that brought glass into fur- 
ther use did not come until fire permitted its formation 
into a greater variety of shapes. As Morey postulates, 
the first use of fire in manufacturing probably had to do 
with clay. Metallurgy and glass manufacturing undoubt- 
edly developed separately, for though the technology and 
the science of the materials are closely related their art 
and fabrication are quite far apart. 


A few samples of the earliest glass indicated only the 
formation of a glaze on the surface of a ceramic article or 
that a paste has been sintered together, probably about 
12,000 B.c. from Asia. The oldest pure glass amulet yet 
found is dated at about 7000 B.c. Probably in Syria, 
Phoenecia or Asia Minor decorative beads and small ves- 
sels were first produced. Then, about 1500 B.c., hollow 
articles were built up on a core—-not blown or molded. A 
cuneiform tablet, from about 600 B.c., was found in 
Nineveh—a good factory record, giving names of types of 
glass and formulas. The melted glass was taken out of the 
pot, crushed, and then remelted because the glass had not 
done much more than sinter and was full of cords and 
seeds. This method has been revived in recent years for 
accurate technical work. 

The composition of these glasses was surprisingly close 
to the general composition of glasses used today—the 
silica about 65 per cent, the alkalies (soda and potash) 
from 15 per cent to 22 per cent, and the lime from 7 per 
cent to 15 per cent. There were always, even as now, 
small quantities of impurities or colorants. 

The reason for this analysis being so close to present- 
day analyses is due to the fact that of the common ele- 
ments usable in a silicate mixture—sand, soda, and lime 
—the eutectic makes possible the lowest temperature of 


Discovery of Glass 


GLASS—A SUMMARY OF ITS DEVELOPMENT AS AN 
ART AND AS A SCIENCE 


By FRANCIS C. FLINT 


Practical Specimens 


melting at about these compositions. Any other effort to 
melt calls for more technology and control than has been 
available until very recent times—about the past fifty 
years. G, W. Morey set the limit on compositions and 
temperatures for crystallization only in the past fifteen 
years. 

Glass manufacture developed first as an art. About 
1200 B.c. shapes such as bowls, dishes, and cups were 
made in molds. It is the decorating that developed from 
then on that is astonishing. This consisted of adding 
coloring oxides of copper, cobalt, manganese, iron, and 
other metals. There was very little transparent glass, as 
transparency was not considered important. Glass blow- 
ing probably did not commence until the early part of the 
Christian Era. 

From the beginning of the Christian Era glass quickly 
reached stages of intricate design and usefulness that ex- 
panded its popularity until during the Middle Ages it had 
spread all over Europe. Little more was done after what 
had been developed by the beginning of the Christian Era 
than to enlarge the pots, make the fire hotter, and refine 
the use of the blowpipe and the mold. To this should be 
added the development of clear glass by taking out the 
impurities. The development of glass cutting and the 
addition of lead for the production of crystal glass only 
helped to produce the myriad intricate forms of decora- 
tive containers that we now see in the museums. The em- 
phasis was on workmanship and on art. We are familiar 
with the 12th century development of Venetian Art, the 
later development in Germany at Thuringia and Bohemia, 
the 17th century English flint glass with its development 
of clear glass of high index of refraction with lead and 
the consequent development of diamond cutting. All of 
this was based on craftsmanship, and the early guilds 
were artists as well as artisans. The volume of this glass 
made was not large. The common people saw little or 
none of it and even in our own colonial times, men lived 
and died without ever having seen the substance called 
glass. Pewter, copper, and wood supplied the vessels, 
and windows just weren’t glazed. 


American Glass Development 


The first glass industry in America followed the meth- 
ods developed in Europe. In Jamestown, Va., in 1609 a 


small pot 2 ft. long and 1 ft. wide made glass beads with 
which to trade with the Indians. In the next fifty years 
several glasshouses were started and very crude bottles, 
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bowls, and small windowpanes were made. 

During colonial days glasshouses spread. up and down 
the Coast. The workmen were frequently imported, for 
the art was one which had to be learned early in life. The 
Dutch in New Amsterdam produced the first colored glass 
for church decoration that was made in this country. In 
1765 Henry William Stiegel started a glasshouse at Mann- 
heim, Lancaster County, Pa. It was of short duration but 
developed some of the most beautiful of the old American 
glasses. Later the Sandwich glass was developed. The 
pots were small. The formulas were secrets owned by the 
batch mixer or the owner of the plant, for those secrets 
were really valuable in the early days. Potash was liter- 
ally “pot ashes.” There were times when they succeeded 
very well in producing good clear colors and colorless 
glass, but still it was an art and the outstanding character- 
istic of the glass was not any industrial usefulness or 
strength but its decoration. The glasshouses were located 
generally at the main source of fuel—wood. When coal 
became common, the glasshouses began to move west, and 
Pittsburgh and Toledo became centers of glass making. 
By this time glass had become cheap enough so that it was 
used for more utilitarian purposes, among the first, of 
course, being the liquor trade. Windows also became 
more common. When natural gas was discovered, it was 
in the same region in which coal was found and there was 
a great spread of glasshouses through the territory. This 
kept a number of glasshouses in the Pittsburgh, Toledo, 
and St. Louis districts but gradually the plants on the 
eastern seaboard were reduced in number. Nowadays 
plants are not located strictly where the fuel is found. 
Oil, gas, and coal are all too easily transported. It is the 
market for glass that is important. 

During the era from the time of the Civil War to the 
20th century art became less and less important. In fact, 
art in the United States was probably not doing too well. 
The ornate tableware fitted the bizarre-looking ginger- 
bread houses that were then being built. But what was 
more important, various factors began to operate which 
slowly were to take glass out of its condition as an art 
and place it on a production and engineering basis. 


The Art of Glass Making é 


The early Mesopotamian glass worker had no knowl- 
edge and few tools. His ability to produce heat was lim- 
ited to what could be done with wood in a small fire-box. 
His knowledge of his raw materials was very limited. 
Limestones were often mixed with clays, and his alkalies 
were the impure incrustations he was able to collect. This 
resulted in merely melting and collecting on the end of an 
iron or clay rod a little of the paste from which beads and 
small irregular-shaped vessels were formed. In _ those 
early days the pots were no larger than a quart jar but 
they gradually grew until finally there was sufficient glass 
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Invention of Mirrors 


in the pots so that by the beginning of the Christian Era 
they could use the blowpipe. By this method the glass 
was gathered on the end of an iron tube and air blown by 
mouth into it, producing a bubble which was shaped by 
holding the bubble inside of a mold. That basic fact, 
2,000 years old, is still the most important factor in the 
glass works of today. It rates in glass making with the in- 
vention of the wheel in engineering. Glass works welled 
up where a new civilization was being developed and each 
time new tricks were learned. The mold in the early days 
of wood was improved—later to be made of iron, and in 
another 2,000 years to be air-cooled. The methods of 
working the pasty glass to produce knobs and handles on 
vases grew through the medieval days. Decorations by 
added minerals for colors, by overlaying layers and ap- 
plied threads were marvels in the manual skill of human 
hands, still being done with the simplest of tools—a pair 
of shears, a pair of pincers, and a few paddles and sticks, 
and with little improvement on the old art, as it grew 
through the Dark Ages and moved from Phoenicia to 
Venice, to Thuringia, to England, and to America. The 
pots became a little larger, the colors a little clearer but 
the essence was still the same. It was an art. There was 
a mystery to it which was maintained by the Guilds. 


Modern Machine Development. Modern machine de- 
velopment may possibly be said to have started about 
1825. Then a very simple, crude, hand-operated metal 
piece of equipment was placed in front of the opening 
in the furnace. A man gathered the glass on a punny 
(short for “pontil,” a tribute to the Belgian and French 
workers who came to this country) and dropped it into 
a mold, cutting it off with a pair of shears. A plunger 
dropped into the mold to form the article. This increased 
leverage and the use of metal began a series of events 
which has been going on for over 100 years. This was 
the second large step in the development of glass because 
these simple machines have grown into the intricate and 
elaborate machines which are producing bottles today by 
the millions. Also, since these machines, not being hu- 
man, could not vary the pressure or the blow with the 
difference in the glass, they demanded better control of 
raw material and of the temperature. The side-lever 
press and the so-called “three-boy” then “two-boy” then 
“no-boy” machines were still advertised in trade journals 
only twenty years ago. Those first machines produced 
no faster than a human hand or mouth but they pro- 
duced more uniform ware. One of the handicaps in the 
early development was the lack of machine tools. We 


now take for granted the use of pipe and machined gears. 
In the early days crudely formed castings with hand- 
chipped surfaces were about all that were obtainable. 
When machine parts were available the speed of the 
machines became such that where a man would form one 
or two pieces a minute, he can now produce sixty a min- 
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ute while he is smoking a cigarette. One of the later de- 
velopments in our own generation was the window glass. 
Formerly it was nothing more than the side of a large 
bottle blown by mouth, cut and laid flat in a warming 
oven; or a portion of the bottom of a flat bottle, the center 
of which made those bull’s-eyes which are now imitated 
in the decoration. Now all window glass in this country 
is drawn flat fully automatically, marvelously controlled 
and of much better quality than the old hand-made glass. 
Even plate glass, which is a development of recent times, 
has succumbed to machine development. Formerly it 
was hand-ground, then with a crude individual machine, 
and it is now continuously ground and polished. 

All of this machine development has been possible 
partly because of the increase in knowledge of mechanics. 
The first work on machines was done by glass blowers of 
an inventive turn of mind, aided by operator owners of 
the small plants whd envisioned the possibility of reducing 
the cost of their wares—for glass has always been purely 
a commercial product. 


Development of the Science of Glass 


These machines called for greater control. This control 
grew up slowly even in the Middle Ages and in the 18th 
century, and is a part of the development of the chemical 
industry. Potash became more uniform. Soda ash, once 
made by the LeBlanc method, was full of salt cake and 
variable in strength. It was improved with the Solvay 
method. The British, when they were endeavoring to 
produce fine tableware, found that flint pebbles made a 
cleaner, more transparent glass. 

But the greatest technical advance came through the 
development of glass for optical purposes. There had been 
no general knowledge of the index of refraction and dis- 
persion of light passing through the glasses used in micro- 
scopes and telescopes until Schott of Jent worked it out 
in the 1880’s, only sixty years ago. 

Schott’s work was the basis on which Germany built 
her world trade in optical instruments. It was well de- 
served but very soon followed by French and British 
interests who not only took up the improvements Schott 
had developed but made their own contributions. This 
knowledge was limited at first to a better understanding 
of how to obtain clear, bubble-free, cord-free glass in a 
pot and to be able to repeat from one melt to another the 
index of refraction and dispersion which calculation had 
shown was desired. The knowledge of the chemicals 
progressed along conventional lines in all countries, not 
only for optical glass but for the more ordinary articles. 
The weighing of the batch became more of a precision 
operation. Even then, as late as twenty years ago, river 
sand was being used for melting bulk glass and no correc- 
tions made for the variable impurities. Alumina, a valu- 
able constituent of glass, now bought chiefly in the form 
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Early American Glass 


of feldspar, was not recognized. The Thuringian Glass 
Works made a reputation for laboratory glass because 
for some unknown reason the Thuringian sand produced 
a glassware that would not scum on reheating in forming 
the laboratory ware. It was later found that the small 
amount of alumina it contained produced this effect. It 
was only two generations ago that students in college 
laboratories (there were practically no plant laboratories) 
repaired the bottom of broken test tubes themselves. Glass- 
ware just was not common. During the last war the Soci- 
ety of Glass Technology was organized in England and 
W. E. S. Turner is still its head. The first papers de- 
scribed efforts to stabilize the glass. In 1918 the Glass 
Division of the American Ceramic Society was organized 
and finally in 1937 Committee C-14 on Glass and Glass 
Products of the A.S.T.M. was brought into being. During 
these years the development gradually changed from 
studies of the raw materials and control methods to more 
fundamental work. 

The change took different paths in different countries. 
In Europe there was more inclination for the institutes to 
do the studying. The Kaiser Wilhelm Institute began to 
work on fundamentals. In England, the Society of Glass 
Technology, at the University of Sheffield, produced a vol- 
ume of work. The British Physical Institute and a few 
company laboratories, some having affiliations in this 
country, began in the past 25 years to produce results. In 
this country little was thought of glass from a scientific 
standpoint until the beginning of the last war, when we 
found how very dependent on Germany we had become 
for optical glass. The two chief agencies of scientific prog- 
ress at that time were the Geophysical Laboratory and 
the National Bureau of Standards. The Geophysical 
Laboratory, which had not done any work on commercial 
glass, did have the background and knowledge of silicates 
and a trained personnel who were able to contribute 
quickly to the then great need of the war. The Bureau of 
Standards opened a laboratory in the Pittsburgh district 
and developed production methods and a background 
which is still recognized. The only company that had 
taken up a technical and scientific attitude on glass at that 
time was Corning, just beginning to reach into heat- 
resisting glass with Pyrex and a better knowledge of light 
transmission for signal glass. 


Comparison of European and American 
Scientific Methods 
Between the last war and this one in all countries cor- 
poration laboratories began to be developed. Some went 
into more fundamental work than others and profited 
accordingly. In this country, without having any central 
laboratory guiding it, we were able to develop many more 
lines of thought than most of the other countries. The 
University of Illinois took up practical aspects of glass 
(Continued on page 140) 
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COLLOIDAL GRAPHITE AND ITS USES IN THE 
GLASS INDUSTRY 


By RAYMOND SZYMANOWITZ 
Technical Director, Acheson Colloids Corp., $ 
Port Huren, Mich. 


Graphite is an allotrope of carbon, rich in properties 
that find wide utility in the glass industry. This element 
occurs as a mineral in various parts of the world—par- 
ticularly Ceylon, Madagascar, Austria, Mexico, Canada 
and the United States—or it may be produced in a state 
of high purity, by synthetic means. The purpose of this 
paper is to describe the synthetic product and the manner 
in which its usefulness is enhanced by rendering it 


colloidal. 
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Fig. 1 

When anthracite, petroleum coke and similar carbona- 
ceous materials are placed in an electric furnace of a type 
in which the charge or load serves as the conductor, the 
passage of the current forms a multitude of minute arcs 
which are ultimately responsible for the mass becoming 
incandescent. The high temperature so produced—above 
5,000° F.—results in the volatilization of impurities and 
the conversion of the amorphous carbon into the graphitic 
form. Synthetic graphite prepared in this way is chem- 
ically identical with the natural mineral. Physically, how- 
ever, the two kinds differ somewhat. Electric-furnace 
graphite is of greater purity, is less cohesive and is more 
resistant to oxidation. X-ray analysis’ shows that its 
crystalline structure coincides with that of natural 
graphite. The atoms comprising the horizontal layers in 
Figure 1 are in the corner of hexagons and are very 
close to each other, being bound together to form a strong 
union. These hexagons, on the other hand, are separated 
by more than twice the length of the hexagon side, with 
the result that the layers are loosely bound together. This 
arrangement permits easy shear parallel to the plane 
of the hexagons. 

It is this peculiar structure that makes graphite— 
whether manufactured or natural—a unique solid lubri- 
cant and is the prime factor responsible for its unctuous 
or greasy feel. When a downward and sideward pressure 
is exerted upon graphite, the hexagonal layers slide one 
over the other as would cards in a playing deck. 

Inasmuch as electric-furnace graphite is both strongly 
resistant to oxidation and devoid of the abrasive. im- 
purities common to the natural product, it is evident that 
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it exhibits the necessary characteristics for lubricating at 
the high temperatures prevalent in the glass industry. 


Utility of Graphite Broadened by 
Colloidalization 


Powdered graphite, however, regardless of its purity, 
cannot be readily applied to close-fitting mechanical parts. 
Even though finely pulverized, it does not remain sus- 
pended in liquids, is filtered out by small interstices and 
lacks adhesion to surfaces unless intimately mixed with 
binding agents. 

Edward Goodrich Acheson, who is responsible for the 
commercial manufacture of electric-furnace graphite, 
realized that unless his graphite could be rendered micro- 
scopically fine and stably suspended in liquids, purity 
alone would represent the prime advantage of his product. 
In the course of his researches, Acheson discovered a 
means of “deflocculating” or colloidalizing graphite.’ 

When a substance has been reduced to the colloidal 
state, its particle size is of those dimensions that place it 
in the “twilight” zone between coarse suspensions and 
true solutions. Materials in the colloidal form take on an 
electrical charge, seemingly defy the law of gravity 
(Brownian movement) and are capable of remaining 
with their liquid carrier under practically all conditions 
except evaporation, distillation and_ ultra-filtration. 
Colloids, because of their minute particle size are best 
handled as a liquid dispersion. When evaporation of their 
carrier takes place, agglomeration of the particles follows 
and yields a solid residue possessing the properties of the 
non-colloidal material. It should be remembered that 
while colloids are frequently described as solutions, they 
are actually suspensions. 

Electric-furnace graphite colloidalized by the Acheson 
process may now be obtained in such liquids as water, 
alcohol, glycerine, mineral oil, castor oil, mineral spirits, 
naphtha and diethylene glycol. The commercial disper- 
sion are concentrated products designed for dilution with 
suitable miscible liquids. The products of greatest in- 
terest to the glass industry, however, are the mineral oil 
and water dispersions. 


Unusual Properties Exhibited 
by Colloidal Graphite in Aqueous Suspension 


Colloidal graphite, when dispersed in water, carries 
a negative charge. Under proper conditions it can be - 
electro-deposited either alone or with metallic ions.* 
Despite their specific gravity of between 2 and 2.5, the 
particles remain in suspension for surprisingly long 
periods. Like other colloids, nevertheless, they are pre- 
cipitated by the addition of an electrolyte. 

If an aqueous dispersion of graphite is applied to a 
solid by brushing, dipping or spraying, a tenacious, homo- 
geneous film of graphite is formed upon evaporation 
of the carrier liquid. These films or coatings have a low 
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coefficient of expansion and are good conductors of heat 
and electricity. They also are unctuous and quite in active 
chemically. The graphite films formed by this procedure 
have numerous applications in practice. A typical case 
is their usefulness in electroplating non-conductors such 
as glass, porcelain and other ceramics. 


Use on Glass-Working Teols 


Turn pins, pincers, cones and similar shaping tools 
employed for flaring tumblers and forming lips, necks, 
stems and tips on a variety of objects, serve more effec- 
tively when they carry a film or coating of graphite. In 
numerous plants, where handwork is a major operation, 
colloidal graphite in water is displacing organic prepara- 
tions, such as mutton tallow and beeswax. These latter 
materials decompose under the high temperatures to 
which they are subjected, producing an acrid smoke and 
frequently imparting bothersome stains to the objects 
being shaped. 

Graphite films of the character described are produced 
by plunging or dipping the heated tool into a bath of 
dilute colloidal graphite in water. The colloidal graphite 
content of the plunging baths may be varied to meet 
individual requirements. During the course of the tool 
treatments, the water content is consumed by evaporation, 
thus making necessary the addition of make-up water 
from time to time. By immersing the tool in the aqueous 
bath but momentarily, sufficient heat is retained by the 
tool to dry completely the graphite film formed upon its 
surface. 

Colloidal graphite in water also has utility on molds. 
It is being applied, with considerable success, to auto- 
matic machines producing small incandescent lamp bulbs 
of,the type used in automobiles; as a coating for paste 
molds and for repairing scratches and similar minor 
imperfections in cast iron molds. In the latter instance 
it is essential that the concentrated material be employed. 
Those versed in the technique of glass fabrication will 
probably recognize many other conditions under which 
aqueous dispersions of colloidal graphite might find 
application. 


Colloidal Graphite in Oil 


When a machine is lubricated consistently with a 
colloidal-graphited oil, its friction parts take on a film 
of graphite which is known technically as a “graphoid 
surface.” This film, while capable of acting for short 
periods as a dry lubricant in the absence of oil, functions 
primarily as a retainer of oil. Research‘ has revealed that 
graphite is more readily wetted by oil than is plain metal. 
Inasmuch as a surface that is better wetted is more dif- 
ficult to wipe dry, it will be seen that graphoid surfaces 
tend to discourage oil film rupture. The addition of a 
small amount of colloidal graphite to an oil—as little as 
0.2 per cent—raises the critical temperature’ of the latter 
as much as 35° F. 

As far back as 1910°Mabery® observed the benefits 
derived from the addition of colloidal graphite to lubri- 
cating oils. As a result of later investigations, he’ con- 
cluded: “In the use of colloidal graphite as a lubricant 
it appears that by reason of the tenuity or fineness of its 
particles, it is capable under the conditions of lubrication 
of penetrating the porous surface of metals, and coming 
into such close contact in their intermolecular structure, 
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Fig. 2 


of approaching a condition of graphite combination.” 

An investigation by Finch* employing electron diffrac- 
tion techniques, definitely established the existence of a 
graphoid surface. 

When the stream of electrons in an electron diffraction 
camera is made to impings upon a surface which has 
been lubricated with colloidal-graphited oil, a character- 
istic graphite pattern is obtained, such as illustrated in 
Figure 2. Since the particles composing the graphoid 
surface are oriented, i.e., lie in a single plane not unlike 
shingles on a roof, the electron beam is diffracted sub- 
stantially in one direetion. 


If a film of graphite is deposited from an aqueous sus- 
pension of colloidal graphite by evaporation, a dull, 
matte surface results. When this type of film is subjected 
to the electron beam, a pattern such as that comprising 
Figure 3 is obtained. The diffraction of the electrons in 
all directions, as shown by the concentric semi-circles, 
indicates that the graphite particles are deposited at ran- 
dom. Should this dull or matte surface be buffed, the 
particles would become oriented and give a diffraction 
pattern not unlike that in Figure 2. 

A graphoid surface, in addition to displaying a marked 
affinity for petroleum bodies, tends to satisfy the surface 
energy of solids by becoming adsorbed thereto. The 
Hardys,’ commenting on their lubrication studies, state: 
“The function of a lubricant is to reduce the energy of 
the surface and thereby to reduce the capacity and the 
resistance to slip when two composite surfaces are ap- 
plied the one to the other.” In other words, the efficiency 
of a lubricant is largely dependent upon its adsorption 
by a solid—the better lubricant being the one more 
readily adsorbed. It might be well to add at this point 
that colloidal graphite is most effective under boundary 
conditions-——and, of course, as a solid lubricant in the 
total absence of oil. The presence of colloidal graphite 
in a petroleum body is of no particular advantage under 
conditions where an abundance of lubricant assures a 
full film. The reason is that in such a case the particle 
size of the graphite is many times less than the thickness 
of the film. The graphite, therefore, is merely suspended 
in the carrier where it can do no good. Despite this, it 
is common practice to employ colloidal graphite as a 
precautionary measure in many mechanisms. the unin- 
terrupted operation of which is imperative. This applies 
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Fig. 3 


even to those devices where the loads are light and the 
oil film is rarely in serious jeopardy. 


Colloidal-Graphited Oil as a 
High Temperature Lubricant 


Oils containing colloidal graphite play an important 
role in the lubrication of devices that are subjected to 
high temperatures. Ordinary lubricants either lose their 
viscosity or chemically decompose, making them prac- 
tically valueless when they are most needed. 

In this class of work, which includes the lubrication 
of kiln and annealing car bearings, lehr and enameling 
oven chains, incandescent lamp and vacuum tube ma- 
chiery, cast iron molds, hinges, neck rings, screw pegs, 
etc., it is customary to use a suspension of colloidal 
graphite in a light-bodied, low-carbon oil. Both water- 
white kerosene and straw paraffin oils are popular car- 
riers for applications such as those described. The oils 
mentioned serve merely as vehicles for the graphite. They 
possess good penetrating properties and, upon reaching 
the point to be lubricated, are capable of distilling off, 
leaving practically no residual material other than the 
graphite, which functions as a dry lubricant. 


Application of Colloidal Graphite to Molds 


Because of the extremely fine particle size of graphite 
in the colloidal state, relatively small+ quantities are re- 
quired either in general lubrication or mold applications. 
In most cases 0.2 per cent by weight is ample. 

Although graphite is the essential lubricating con- 
stituent of colloidal-graphited oils used in mold work, the 
importance of the carrier should not be overlooked. Of 
the commercial brands of this type of lubricant on the 
market, it is not uncommon for a plant superintendent 
to prefer one over another. Furthermore, a single plant 
may purchase several brands for different operations. 
Since the final film on the mold is graphite, the prefer- 
ence can be attributed only to the manner in which the 
lubricant acts when applied. For a given job one oil 
might distill off too rapidly; another might volatilize too 
slowly, tending to generate gases between the mold and 
the object being formed. There must be a proper rela- 
tionship between the boiling point of the carrier and the 
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temperature of the mold. If this were not a matter of 
importance, a colloidal-graphited water could be used 
generally for the many applications in the industry. 
When an aqueous solution is applied to solid surfaces 
whose temperatures are considerably higher than 212° F., 
the water is converted into steam with almost explosive 
violence, carrying with it mechanically any solids con- 
tained in solution or suspension. Similarly, a highly 
volatile oil will present the same difficulties. 

Just as the vehicles for colloidal graphite may be 
varied to meet special conditions, so is it possible to 
depart from the generally accepted 0.2 per cent graphite 
content when occasion demands. Colloidal-graphited oils 
are usually sold in a concentrated form, permitting dilu- 
tion to be carried to any desired degree. It may also be 
expedient for a plant to graphite oil mixtures of special 
formulae where the presence of a solid lubricant is likely 
to contribute to improved performance. 

In a previous paper’, the writer discussed at some 
length the practical aspects of the use of colloidal- 
graphited oils on molds. These will be merely sum- 
marized herein. 

Tests made on a number of O’Neill machine molds 
showed that, after the old carbon had been wiped off, 
the molds had a highly polished surface and that this 
polish could be maintained by using very little graphited 
lubricant. Thus economy is combined with improved 
results, 

When graphited oils are applied to parison molds 
which are working continually at rather high tempera- 
tures, there is deposited on the mold surface a perfectly 
smooth graphoid skin which considerably aids the flow 
of the glass. Furthermore, at a later blowing stage, by 
reason of this graphoid film, the glass is prevented from 
coming into actual contact with the cast iron molds, re- 
ducing the possibility of sticking or dragging when they 
are opened to deliver the finished piece. 

A manufacturer of fancy glass containers, such as 
those used for liquor and cosmetics, encountered ad- 
hesion of the glass to the indentations in the molds. 
Through the employment of mold sprays carrying col- 
loidal graphite, this condition was corrected. Applica- 
tion in this instance was made with a Hartford-Empire 
atomizer, operating at an air pressure ranging from 15 
to 25 pounds per square inch. The manufacturer in 
question volunteered the information that: “The particu- 
lar advantage in using a material like colloidal graphite 


is that it does not permit any carbonization on the mold. 
This is a decided advantage as it is necessary to remove 
the molds to clean the carbon when an excess amount 


has accumulated.” 

Colloidal graphite is also of considerable utility in 
the making of pressed ware, a very special modification 
of which is embodied in the manufacture of glass insula- 
tors of the type employed in the telephone and telegraph 
‘services. In producing this item the initial step involves 
the molding of the threaded interior of the insulator 
through the use of a screw peg. In order to withdraw 
the peg it must subsequently be unscrewed without the 
slightest tendency to adhere to the still semi-plastic glass. 
Suspensions of colloidal graphite in oil applied to this 
particular member by atomization achieved the results 
desired. 


(Continued on page 151) 
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I. need not be pointed out that no two furnaces behave 
exactly alike, no doubt principally because in that insti- 
tution known as a Glass House, as is well known, con- 
ditions are never precisely all the same even if the fur- 
naces are the same. Even though two furnaces in them- 
selves happen to be identical in the beginning, you may 
be sure that we will eventually find some way to make 
one of them a little different from the other, in a con- 
tinual endeavor to make them better. By the same token, 
we are admitting that the perfect furnace does not exist— 
which everybody knows anyway. We may as well be 
forthright about it. 

The following discussion has to do with an appraisal 
of various points of fundamental importance in a num- 
ber of specific furnaces, taking for examples, some new 
and some old. Some have since been rebuilt or im- 
proved in the light of operating experience but each has 
its own own points of distinction. 


Figure 7—Producer Gas-Fired 


The furnace shown in plan view Fig. 7 represents, in 
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FURNACE OPERATION AND CONTROL 
(FURNACE OPERATION) 


By ROY S. ARRANDALE 
Thatcher Manufacturing Company, Elmira, N. Y. 


PART III 


the point of view of the writer, the optimum in furnace 
operation. In other words, this furnace comes close to 
the ultimate limitation inherent in our conventional 
method of melting. It is producer gas-fired with a port 
design which is both streamlined and spaced exactly 
right. Port coverage on the surface of the glass amounts 
to 424% per cent of the melter area, which is divided up 
as follows: 


% of Melter Approx. % 





area of total fuel 
covered input 
Wee, BRUNE Soc tha de 11.4 26.9 
De Ts; Micha viwaeks 12.9 31.2 
Mn A OF 2 ne dese ten 10.6 24.9 
Ws "jaca eck ane 7.6 17.0 
42.5 100.0 


The “soaking time” (11 per cent of melter area) be- 
tween the “dog house” and the first port is sufficient 
when worked in conjunction with the triangular “dog 
house” and automatic batch feeder arrangement. The 
space beyond the last port and in front of the bridge- 
wall, approximately four feet (12.5 per cent of melter 
area), is all right. This might be trimmed a little for 
the sake of accessibility to the bridgewall and throat at 
the sacrifice of a little flame impingement on the bridge; 
but to extend it would not be advisable. 

The temperature distribution curve obtained on this 
furnace corresponds to Figs. 4 and 5: previously dis- 
cussed. It is well insulated; crown, ports, back-wall and 
regenerators. The fuel consumption will average about 
0.33 tons coal/ton glass; 0.27 being the lowest recorded. 

It is not perfect—it has one limitation: It is too nar- 
row. Upto a pulling rate of about 105 T/D glass (5.67 
sq. ft./ton) it is ideal; the superstructure will look almost 
new at the end ofa fire. Beyond that and up to 130 
T/D (4.57 sq. ft./ton), which we consider the limit of 
its good operation, 18 ft. of melter width is too narrow. 
However, from the practical design standpoint there is 
not much that can be done about that since it is neces- 
sary to keep about the same minimum distance between 
ports to allow a man to walk through and therefore the 
desirable furnace length is fixed. If the furnace is 
widened, it introduces a greater melting area and there- 
fore reduced efficiency, unless the tonnage were stepped 
up; That in turn would mean more gas, a longer flame, 
with the resultant loss of some of the effective width 
already gained. 


Figure 8—$Oil-Fired 
Plan view, Fig. 8, shows an old furnace of considerable 


distinction, even though it looks like a weird design. 
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Fig. 8 


Some comment is expected on the off-set throat. There 
are two stories giving account of that., One is that there 
was a building column in the way which nobody wanted 
to move. The other, which is more plausible, is that 
the furnace originally had two throats. However, it was 
found at the end of the first fire that all of the glass had 
passed through one throat, so it never missed one of the 
two throats. Neither is there any reason for moving the 
throat to the center since there is nothing wrong with 
the way it is now. The facts are that in spite of its ap- 
pearance it is an excellent furnace indeed for the job 
it has to do. The load is constant at 80 T/D “flint” glass 
(734 sq. ft./ton) and even at that comparatively low 
rate of pull its fuel consumption in gallons/ton runs in 
the low fifties. Glass quality is excellent. The furnace 
is very well insulated. 

Although designed originally for producer gas, it has 
been fired for a number of years on Bunker “C” oil 
through the rear wall. It has the distinction of being 
almost exactly suited for rear wall firing, being more 
nearly square—shori and wide. Four large, low pressure 
atomizing burners are located, all at the same level, in 
the back wall of the furnace. Firing is by alternate 
pairs, reversed with the furnace, one pair to either side 
of the dog house. A small auxiliary burner is mounted 
at a peep hole in the side wall at the bridge. This pro- 
vides flame coverage in the vicinity of the throat, which 
the back burners do not supply. This burner is not 
reversed. 

The firing conditions are such that the flame ap- 
proaches a gas-fire in appearance, with the flame being 
deflected into a long graceful sweep across the furnace 
by the force of the across-wise secondary air. The flame 
tip normally ends short of the port entrance, with the 
result that the superstructure in the furnace goes through 
a campaign with no appreciable erosion or attack. The 
burner operation itself is nearly ideal. A single burner 
has run six months before removal for cleaning, but this 
is done now on a routine basis of about once a week. 
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The furnace is about the simplest possible to operate 
and is a favorite with the operators. The “hot spot” of 
course stays permanently fixed, for the same adjustment 
on the air nozzle, at about 55 per cent of the melter 
length. As you might expect, much more effective firing 
control can be maintained over a large fuel outlet dis- 
persing what actually amounts to a comparatively small 
total liquid volume rate, than if the same total liquid 
were broken down into a number of small outlets. 

This therefore represents an ideal furnace arrangement 
for firing with oil, for a specific load condition. How- 
ever, it is realized that there is a practical limitation on 
the amount of oil which can be atomized through the 
back wall with any reasonable insurance of superstruc- 
ture life. This amount is a function of the furnace width 
and the clearance under the crown. It is not a question 
of being able to melt batch. Although there has been 
no occasion to push the particular furnace in question 
beyond its prescribed rate, I would estimate that about 
250 gals./hour (6,000 gals./day) is the maximum that 
the backwall on a 20 ft, furnace will handle, and still 
give the equivalent of good gas-fired operation. Beyond 
that the problems become the same as on any other 
Bunker “C” oil-fired job, viz., how to hold the flame 
within too small a confinement. 

In addition, for good flame coverage the furnace should 
not be longer than the 31 ft. shown. Based on experi- 
ence on other furnaces, it does not do to have to push 
the rear burners to extend the flame lengths. In other 
words, there is an optimum setting for the air cap, be- 
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yond which good atomization is sacrificed. Some flexi- 
bility is provided by interchanging oil nozzles, however. 

It is unfortunate that the space requirements of the 
rear wall burners in their position side by side will not 
permit the use of a triangular dog house and batch 
feeder arrangement. However, it will be noted that the 
“soaking” distance from the back wall to first port is 
fairly long, 5 ft. 1 in., which is conducive to good hand 
feeding. This allows 16.4 per cent of melter area for 
“soaking” time, so-called, as compared with 11 per cent 
on the automatic batch feeder arrangement of Fig. 7. 

The port coverage as exhibited is 35 per cent of the 
melter area. This was later changed very neatly on our 
Skiles arch to 41 per cent— with improvement. 

In Fig. 8 the refiner area of 131.5 sq. ft. bears the 
ratio of 0.212 sq. ft./sq. ft. melter area. For best prac- 
tice the refiner should be 30 per cent larger but for the 
conditions under which it operates the “fining” is en- 
tirely adequate. The refiner area is generally fixed any- 
way by the space requirements of the machines that can 
be crowded around it. 

The performance of this furnace is all the more note- 
worthy when it is realized that it happens to be running 
vastly “undercheckered” with only 2.8 cu. ft./sq. ft. 
melter. With adequate checker capacity its fuel effi- 
ciency will of course be further extended. 


Figare 9—0Oil-Fired 


Another oil-fired furnace is shown in Fig. 9. This 
one is shown for representation of very bad practice, 
chief point of which is that its width, 16 ft., was far 
too narrow; also that its length, 35 ft., was too long. 

Firing was by a pair of water-cooled, high pressure 
atomizing burners under each port. The breastwall hap- 
pened to be set directly over the sidewall blocks which, 
of course, confines the combustion volume further still. 
The port coverage in this case is 34 per cent of the 
melter area as compared with 40 per cent for good 
practice. 

This furnace was at one time fed from a corner dog 
house set between the end-wall and the first port. This 
was later changed and two feet cut off the furnace 
length. The “soaking” area in this furnace (64 sq. ft.) 
thus amounted to 11.4 per cent of melter area which 
would be satisfactory for automatic feeding but inade- 
quate for hand feeding at high loads. On the other 
hand, the stagnant area at the bridge, between the fourth 
port and the bridgewall, is too large; 15.7 per cent of 
melter as compared with 7 per cent for Fig. 8 and 12.5 
per cent for Fig. 7. 

Actually this furnace was pulled down to 5 sq. ft./ton 
glass with fairly good performance over the early stages 
of a campaign. However, the furnace could not take it. 
It is a simple fact that 16 ft. of furnace width is not 
enough for an oil flame. Burned out breastwalls, burner 
blocks and checkers, together with dirty burners, make 
for a “messy” operation. 


Figure 10—Natural Gas 


Fig. 10 is an old, heavy ducty furnace of sound design 
and 885 sq. ft. of melter area, running on “flint” glass. 
The fuel is natural gas, introduced into the sides of the 
port. The furnace is well insulated, including the crown. 
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Its fuel consumption has run around 6,500 cu. ft./ton 


even under moderate rates of pull. Port coverage amounts 
to 40 per cent of melter area. 


Fig. 10 


There are a few points of comment about the furnace. 
The soaking area amounts to 11] per cent of the melter, 
same as the furnace of Fig. 7. The stagnant area before 
the bridge, which is entirely satisfactory, covers only 
9.1 per cent of the melter area as compared with 12.5 
per cent. I would prefer to see the furnace shorter and 
wider to hold to the same sq. ft. and to see the port sizes 
staggered a bit in proportion with the actual fuel carried 
in each. The last port and first port will tend to run 
with excess air. 


Figure 11—0Oil-Fired 


The furnace of Fig. 11 is oil-fired on Bunker “C” oil 
with high pressure atomizing burners located under the 
ports. This furnace operates under a normal load of 
4.5-4.9 sq. ft./ton pulled with fuel economy between 50 
and 55 gal./ton, which is good melting performance. Its 
limitation from the standpoint of operation is again, as 
with nearly all oil-fired jobs, associated with refractory 
life, viz., the furnace is too narrow to accommodate the 
flame length. The general practice in the desigr of oil- 
fired boilers is that the flame tip shall not come closer 
than 614-7 ft. from the wall. It is unfortunate that glass 
furnaces cannot be designed like boilers. 


(Continued on page 147) 
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INVENTIONS AND INVENTORS 


A Summary of United States Patents of Interest to the Glass Industry Issued During January 


Feeding, Forming and Shaping 


Guy F. Jardine of Washington, Pa., has worked out 
an improved blowhead supply device which not only 
provides the high pressure air for forming the parison 
but also supplies low pressure air for cooling the blown 
article. The invention is described in patent 2,368,472 
assigned to Hazel-Atlas Glass Co., and from which Fig. 1 
is taken. The former practice had been to blow the arti- 
cles at one station of a rotary machine and then to supply 
the cooling air at the next station. During this interval, 
without any cooling wind, the blown articles remain hot 
and sometimes collapse. Jardine provides a simple con- 
struction by which the high pressure blowing air (36 to 
40 psi) and the low pressure cooling air (34 psi) will 
be delivered at the same station. By this arrangement the 
cooling wind is delivered as soon as the blowhead is 
lifted. Thus the article is at once cooled sufficiently to 
set it and thereby to prevent collapse. 

In Fig. 1 from Jardine’s patent a bracket supported 
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Fig. 1. Jardine, 2,368,472 : Blowhead for container form- 
ing machine which provides access for cooling wind to 
stabilize the container just as soon as the blowhead has 
lifted and ceased blowing. 
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from the center column of the machine is indicated at 6. 
Mounted on it is a cylinder 8, of which the piston 9 has 
a hollow piston rod 10 on the lower end of which is a 
blowhead 11. The piston and piston rod are vertically 
reciprocated by means of compressed air alternately ad- 
mitted to opposite ends of the cylinder through lines 19 
and 20. It will be noted that there is a series of ports 18 
near the top of the hollow cylinder. In the position illus- 
trated, when the blowhead has just been lifted, these 
ports are opened to a pipe 17 which provides low pres- 
sure cooling wind so that it may make its way downward 
and be emitted through the blowhead to cool the ware. 
It will be noted that when the piston is forced to the 
lower position these ports will be closed to the low pres- 
sure air and will instead be opened to high pressure 
blowing air through corresponding ports 21. It is in 
this manner that the invention provides for the delivery 
of low pressure air when the blowhead is withdrawn and 
high pressure air when it is in the lowered position. 


Jesse C. Smith of Merrick, N. Y., assigned to Mac- 
Gregor Instrument Co. his patents 2,368,169 and 2,368,- 
170 for machines for resizing glass tubing to precise 
outer and inner diameters so it may be used for such 
requirements as the cylindrical barrels of hypodermic 
needles. Both patents describe apparatus in which 
lengths of tubing are held on an arbor whose diameter 
corresponds to the desired final inner diameter of the 
tube. The glass first fits loosely over the arbor but during 
treatment is heated to softening and is compressed from 
the ends while simultaneously being acted upon by a set 
of three rolls. The result is that the tube tends to swell 
in the softened portion but is worked against the arbor 
by the rolls so that both the outer and inner diameters 
are controlled. In the latter of these two patents it is 
claimed that syringe barrels can be regularly produced 
with a size tolerance of the order of 0.0001 inch. The 
apparatus is a turret machine in which the work 
progresses from one station to another. 

David E. Gray of Corning, N. Y., describes in patent 
2,367,495, assigned to Corning Glass Works. apparatus 
for reheating and reshaping the end of glass tubes so 
they may be used for such purposes as the manufacture 
of fluorescent lamps. While the stock used for such re- 
shaping may vary considerably in diameter it is of 
course necessary that the ends be reshaped to a final 
diameter which will take the standard caps. Features of 
the apparatus are shown in Fig. 2 which comprises both 
a plan and side view. A flame 20 is applied where the 
collar is to be formed on the tube. This brings about a 
softening, and the collar of reduced diameter is formed 
by pressure from the forming roller 16 while the tube 
is being rotated. It will be seen that the amount of 
diameter reduction is dependent upon how far this roller 
is allowed to impress itself into the tube. This movement 
is controlled by screw 21 which engages an anvil 22 to 
halt the movement. This anvil, instead of being fixed, is 
an extension of control arm 24 (upper view) which rides 
on an unheated section of the tube. Therefore when the 
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tubes vary in diameter the position of the anvil will also 
change. So that this control system may result in the 
production of collars of the desired diameter, even though 
the tubes differ in diameter, Gray has worked out 
mathematical formulae controlling the lengths of the 
control arm and the arm which supports the roller. It is 
this feature which is the essence of his invention. 


An apparatus for flaring the ends of fluorescent lamp 
tubing is described in patent 2,366,609 assigned to 
Sylvania Electric Products Inc. by Paul E. Gates of 
Danvers, Mass. The tubes are held vertically in a turret 
type multiple station machine, their protruding ends are 
heated, and a cone shaped mold is impressed against the 
ends to flare them. Patent 2,366,786 granted to Carl 
Herzog of Belleville, N. J., concerns a stem machine, with 
particular reference to the design of a special chuck, and 
of a pinching device whose manipulations control the 
various operations of loading, clamping and unloading. 
The stems are as described in earlier patents 2,195,483 
to A, J. Franke and 2,030,186 to G. M. Rose. 


Miscellaneous Processes 


Fig. 3 from patent 2,367,595 to John W. Marden of 
East Orange, N. J. (Westinghouse), shows an eccentric 
mercury vapor lamp which is adapted to operate with 
more intense arcs than are possible with quartz tubes. 
He uses a ring section of pure fused light-transmitting 
magnesia which has a melting point of about 2800 C. 
Such material is a good transmitter, not only of visible 
light, but also of infra-red and ultra-violet radiations. 
At the same time it is so refractory that it may be 
brought to incandescence to augment the light by dis- 
charge without deterioration or change in shape. Marden 
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Fig. 2. Gray, 2,367,495 : Control device for forming col- 
lars of uniform diameter on glass tubes even though the 
blanks may differ appreciably in diameter. 
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Fig. 3. Marden, 2,367,595 : Electric mercury vapor lamp 
with light-transmitting ring of transparent fused magnesia, 
which will withstand a much higher temperature than fused 
quartz. 


says that the magnesia may be shaped, after rough 
forming from the fused condition, by machinery with 
specially hardened tools known in the art. 

A machine adapted to weighing and sorting optical 
glass blanks which are relatively light in weight and 
must be sorted within very narrow limits of weight 
variation is covered by patent 2,368,321 granted to 
William Owen of Pittsburgh Plate Glass Co. In one 
form the machine comprises a rotatable frame bearing 
a magazine from which the articles are fed to weighing 
scale pans; there are also rotatable sectional arms 
mounted at various levels; depending upon the weight 
of the article and the amount it depresses a scale pan it 
will be struck by one or another of these arms and re- 
moved from the pan onto trays receiving pieces of a 
given weight. Accordingly a pan depressed to a given 
level by the weight of an article will be in such position 
as to have its article pushed therefrom by an arm which 
has been set to push off an article of a given weight. 
Containers are placed between each arm on the rotatable 
structure to receive the articles pushed from the scale 
pans by the arms. Each arm in successive revolutions 
about the central axis may push articles from any of the 
scale pans, but only if the weight on any particular scale 
pan is such as to position the latter so as to be brought 
to the level of the arm. In this manner, a great number 
of articles can be weighed and sorted by feeding the arti- 
cles to the scale pans as fast as they are pushed from 
them. 

Another Pittsburgh Plate Glass Co. patent is 2,366,825 
granted to Frederick W. Adams of Pittsburgh for a 
method of polishing glass which consists in subjecting 
it to a rubbing action with rouge in suspension in dilute 
hydrochloric acid containing a soluble alkali metal salt 
such as sodium chloride. The object is to speed the 
process, and particularly the removal of scum or stain. 

Patent 2,366,489 granted to Henry H. Cary and 
Warren P. Baxter of Pasadena, Calif., and the National 
Technical Laboratories covers a glass electrode for ap- 
paratus in which pH is determined. 


© WPB reports that conservation measures were dis- 
cussed at the recent initial meeting of the Window Glass 
Manufacturers Industry Advisory Committee. The newly 
formed committee consists of: G. P. MacNichol, Jr., 
Libbey-Owens-Ford Glass Co., Toledo, Ohio; H. S. Cran- 
don, American Window Glass Co., Pittsburgh, Pa.; M. E. 
Carlisle, Pittsburgh Plate Glass Co., Pittsburgh; and 
Russel Rice, Fourco Glass Co., Clarksburg, W. Va. | 
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D esearch Digest 


Practical Interpretations of Glass Technology 


Signifieance of a Testing Program for 
Glass-Plant Refractories 


In the December, 1944, issue of The Bulletin of the 
American Ceramic Society, R. K. Smith discusses the 
subject of testing glass-plant refractories by the glass- 
plant laboratory. Such testing can save money in many 
ways, some of the most prominent of which are as fol- 
lows: 1—Confining the worst refractory failures to the 
laboratory instead of having them occur in plant service 
(minimum standards). 2—Specifying the cheapest of 
several available refractories which have the. required 
significant physical properties, thus avoiding the expense 
of paying for non-essential qualities (maximum stand- 
ards). 3—Specifying, in cases where opposed factors 
are involved, the optimum refractory for the unique com- 
bination of properties required (balanced standards) . 

Refractory failures in the glass plant, in general, fall 
into two classes: 1—Those due to the effects of heat on 
the refractory composition itself, and 2—Those due to 
heat plus the addition of some foreign material associated 
with the conditions of service. Tests must therefore be 
developed which measure the properties involved in 
these failures. 

In the case of refractory failures from heat alone it 
is well known that the important factor is the develop- 
ment of a liquid phase in the refractory. The P.C.E. 
test and the A.S.T.M. load test has been developed to 
investigate this property. In addition, Corning has de- 
veloped a rate of sag test which not only gives a tem- 
perature of failure, but also gives data on the rate of 
failure at various temperatures. This rate of sag test 
has given excellent correlation between the laboratory 
results and performance results when used on a series 
of refractories which were used for pots and pot boots. 

The study of attack of refractories by liquids will in- 
clude all the refractories used to retain the glass during 
the melting process, as this problem is the major con- 
cern of a refractory testing procedure for glass plants. 
If those refractories which do not produce a glass of 
satisfactory quality are disregarded, the chief concern 
becomes one of increasing life of the refractories, i.e., 
finding the refractory having the lowest rate of solution 
in a given glass. 

As there is no single standard test for measuring this 
property (Smith states that the glass technologists are 
the “forgotten men” of the A.S.T.M. in this field of test- 
ing) and the tests which have been developed are so 
numerous and devious, only the guiding principles of 
such tests are discussed. Temperature control is ex- 
tremely important as the rate of attack of molten glass 
on refractories is directly proportioned to the fluidity 
of the glass, which increases logarithmically with tem- 
perature. Small samples can be successfully used if the 
specimens are representative of the portion of the re- 
fractory which it is desired to test. Measurement of 
variability can be attained by the use of sufficient sam- 
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ples for statistical analysis, or alternatively by selection 
of samples from the weakest and strongest portions of 
the refractory. 

Successful interpretation of tests also involves a gen- 
eral knowledge of what is to be expected from refrac- 
tories of various compositions. It is desirable to deter- 
mine the bulk density of each specimen. When this 
varies from the normal density for that chemical com- 
position, proper allowance for this variation should be 
made in predicting service results, and increased caution 
in observation should be exercised. Platinum as the con- 
tainer for the glass is very satisfactory and offers sev- 
eral advantages, one being that the glass may be analyzed 
and the extent of refractory contamination determined. 
Cullet is just as satisfactory as raw batch as the testing 
medium except in those cases where segregation occurs 
during melting. In these cases, the specific effect of the 
segregating material must form the basis of investigation 
of the attack on refractories. 


Automatic Control and Its Effect on Furnace 
Design and Operation 


Other industries, such as the steel industry, have been 
quick to adopt automatic furnace controls. E. G. Smith 
(Bulletin of the American Ceramic Society, January, 
1945) discusses the use of such controls in the glass in- 
dustry. The three types of control which have the most 
vital effect on furnace operation are pressure control, air- 
fuel ratio control, and temperature control. 

It is well known that when a furnace is operated under 
sub-atmospheric pressure conditions many difficulties and 
waste results. By simply controlling the pressure to at 
least atmospheric level at the hearth, fuel consumption is 
reduced, cold areas on the hearth are eliminated, and 
more positive control of the heating properties of the 
furnace result. These results, however, are not obtained 
solely by the adoption of furnace-pressure controls. Fur- 
nace doors and observation ports must be made tight to 
eliminate excessive flame sting-out, forced-draft fans must 
be used to provide a positive source of air for combus- 
tion, and in some cases the velocity of the gases in the 
waste-gas ports, regenerators, flues, and stack must be 
reduced to permit the consistent control of pressure at 
all firing rates and under all atmospheric conditions. 

Air-fuel ratio control if properly installed, usually re- 
sults in a decrease in fuel consumption and faster melting. 
Here again the improvements and economies in operation 
do not come from merely attaching another control to 
the furnace. Burner openings must be sealed so that the 
total air supply can be measured as it is delivered from 
a forced-draft fan. Burner-port tile and castings must be 
redesigned to give the proper flame quality and direction 
and this in turn often necessitates the relocation of 
burners and a change in the number of burners required 


(Continued on page 148) 
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CURRENT STATISTICAL POSITION OF GLASS 










$47,000,000 for December, 1943. Total output for the 
THE GLASS INDUSTRY'S INDEX year 1944 was $572,000,000, comparing with $534,000,- 


i 000 for 1943—an increase of about 7 per cent. 
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Plate glass preduction for the month of January, 








MILLIONS of DOLL ARS 1945, was 8,914,933 sq. ft., as reported by the Hughes 
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at approximately the same level as that reported for 
November. As shown by the Production Index, produc- 


As a result of the recent dissolution of the Glassware 
tion fer December was Rage the same figure Container Association THE GLass INDUSTRY is unable to 
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present this month the usual detailed analysis and tables 
showing glass container production, inventory and ship- 
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is hoped that the publication of this material can be 
Monthly Trends Through December, 1944 == *¢sumed with the next issue. 


Also missing from this month’s Current Statistical 
pace veel Position of Glass are the figures concerning production, 
| | shipments and stocks on hand of automatic tumbler 





manufacturers. These figures, together with those cover- 
50100 ing sales of machine-made table, kitchen and household 
| | bagel | | glassware, have been withheld pending an expansion of 
| 45 90 the data to be covered. It is expected that this section 
| | | of the statistical information will also be ready for 

| |__| 49 go publication in the April issue in expanded form. 
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KOPP APPOINTS OSTRANDER 


Kopp Glass, Inc., has announced the appointment of | 
Eugene C. Ostrander to 
Research Laboratory As- 
sistant. 

Mr. Ostrander has had 
extensive experience in 
the production of signal 
and industrial glass prod- 
ucts, and has been with 
Kopp for over six years 
as glass chemist in charge 
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' of glass batches and melt- 
sper eoplomy aus ing. He is a graduate of Alfred University. 
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PETITION FOR CLARIFICATION ... 
(Continued from page 121) 


senting the Knox interests. This brief was submitted in 
answer to one filed by Walter A. Buck who also appeared 
as amicus curiae representing certain medium sized glass 
companies. It is stated in this brief that it is the second 
time such briefs have been filed by the respective parties. 
Mr. Buck’s first brief having been filed several weeks 
prior to the argument by counsel of the case on appeal. 

It is Mr. Buck’s contention that medium sized glass 
container manufacturers would suffer severe hardship if 
they were to be deprived of Hartford’s machinery, re- 
search and engineering services. It is further argued in 
this brief that Hartford could not continue to exist and 
render these services if it were to be deprived of royalties. 

In its answering brief the Knox companies, of which 
there are nine in all, through Mr. Boyd submits that 
“Mr. Buck does not speak for all the medium sized glass 
companies. In particular, he does not speak for the 
Knox companies, which have not found Hartford to be 
essential to their operations, as Mr. Buck contends Hart- 
ford has been to the medium sized companies generally.” 

Other arguments are, of course, presented, and in con- 
clusion the Knox brief states “For the reasons submitted, 
we are of the opinion that the remedies provided in the 
judgment of the District Court will be beneficial to the 
glass industry and should not be modified.” 


Petition and Replies 


Point one of the Government petition argues against 
the retention by Hartford of its earmarked income. Ex- 
cerpts from the Receiver’s Report are introduced describ- 
ing his efforts to maintain income through royalty pay- 
ments. The Government, leaning on the finding of the 
Court with respect to fraudulent acquisition of basic 
patents, states in this section of its petition that it is about 
to institute proceedings for the cancellation of these basic 
patents. 

In connection with this projected action the Govern- 
ment holds that in the event of a decree of cancellation 
independent manufacturers are under no obligation to 
pay royalties to Hartford on these patents and, hence, that 
Hartford has no right to the earmarked royalties or to 
such as can be attributed to the basic patents and those 
connected with them. 

Another point emphasized by the Government is that 
the returning of earmarked royalties to Hartford would 
give Hazel-Atlas an advantage over all of its competitors. 
Hazel-Atlas’ royalties for the period amount to $1,594,- 
509.58 and were not included in the earmarked fund held 
by the Receiver but were especially impounded by the 
Court together with one-third of Hartford’s income over 
$850,000 required to be paid to Hazel under the 1932 
agreement. This, it is argued by the Government, per- 
mits Hazel to recover its royalties to Hartford while at 
the same time permitting Hartford to retain royalties paid 
by Hazel’s competitors. 

In its answer on this point Hartford states that 
the Government is initially criticizing the opinion of 
the Supreme Court for permitting the retention by Hart- 
ford of its earmarked income. -Hartford maintains that 
since the issue has been fully briefed both on the original 
argument and the Government’s main brief and in sub- 
sequent briefs on reargument and in view of the fact 
that the matter was decided adversely to the Government 
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that further argument is unwarranted. 

Notwithstanding the attitude that further argument is 
unwarranted Hartford nevertheless offers detailed discus- 
sion in its reply on this phase of the petition. Each phase 
of the Government complaint has been taken up under 
sub-sections such as: Payments for benefits voluntarily 
sought and received; payments for adequate considera- 
tion; no penalization or discrimination possible; in which 
it is held that “No licensee, whether small or large, has 
been penalized by making its payments as contended by 
the Government.” Knox: Under this subheading Hartford 
argues that the Knox amicus curiae briefs do not repre- 
sent the views of a small licensee for several reasons, 
among which that the Knox companies are subsidiaries 
or affiliates of one company which has been an active 
member of GCA since its establishment. Equitable con- 
siderations: here Hartford states that equity has clearly 
been done in permitting Hartford to keep its earmarked 
income thereby preserving it as a solvent research, de- 
velopment and engineering company. 

In point two the Government covers the Interim Period. 
The petition quotes the conclusion of the High Court’s 
opinion as follows: “. . . the decree entered is vacated 
and the cause is remanded for further proceedings in 
conformity to this opinion.” 

In this connection the Government argues in part that, 
“This would appear to leave no judgment at all in effect 
between the entry of this Court’s mandate and the 
formulation of a new decree by the court below, a process 
which may take considerable time. If this is so, the 
appellants would be free from injunctive restraints 
against conduct held by the Court to be illegal and would 
not be required to issue licenses during the interim 
period.” 

Hartford, in its answer, maintains that the Court’s 
ruling that the Receiver for Hartford should wind up his 
receivership contemplates “an interim order following 
the present judgment, to permit the Receiver to function 
pending the winding up of the receivership.” 

Further in answering this point Hartford states, “The 
fear of the Department that the defendants will flout the 
rulings of this Court during the interim period, pending 
the entry of the revised judgment, scarcely merits an 
answer. Every consideration of reason and respect for 
the Supreme Court would insure conformity to the rulings 
of this Court once it has spoken.” 

Point three in the Government petition is headed “Need 
for expansion of phrase ‘Feeders, Formers, Stackers and 
Lehrs’ to include Suction Machines.” In this section of 
the petition it is claimed by the Government that the 
Supreme Court’s opinion limits the lower court’s judg- 
ment in a manner to exclude suction machines. 

Hartford’s answer to this point is brief. It states, “The 
opinion provides that the judgment should not be ex- 
tended broadly to glass making machinery in the manner 
now defined in the judgment, but should be limited, in- 
stead to the feeders, formers, stackers and lehrs involving 
the combination condemned by the Court and any future 
improvements thereon. 

“No claim is made by any defendant that the opinion 
did not thereby intend the judgment to include ‘suction’ 
machines.” 

The Government in point four urges the need for pre- 
venting repossession of leased machines from licensees. 

(Continued on page 141) 
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COPPER MIRRORS ON GLASS... 
(Continued from page 120) 


copper compounds. W. Spring’ studied the reaction of a 
number of metal halides with hydrogen and found that 
it can be used to produce sheets or foils of iron or copper. 
The speed of the reaction is sufficiently slow to allow the 
CuCl, to volatilize and to react in the vapor phase with 
the hydrogen gas, if a stream of this gas is passed over 
a boat containing the salt. (Figure I.) 








It is evident that this reaction does not involve par- 
ticipation of the glass surface. The low vapor pressure 
of the metal causes rapid condensation of the copper 
atoms formed and thus precipitates the metal on the glass- 
wall in the form of unreactive copper crystals. As a 
result, this reaction leads to a copper foil which does not 
adhere to the glass and can be removed easily. 

Pyrolysis of Metallo-Organic Compounds. Adherence 
could be expected if the glass surface could be exposed 
to atomic copper hitting the wall with sufficient energy. 
This is the case in the metallizing processes based on 
cathode sputtering. Chemical reactions which produce a 
similar effect are the thermal decompositions of metallo- 
organic compounds. 

Among those studied, cupric formate was found to be 
the most suitable. This salt can be prepared in the lab- 
oratory by dissolving cupric carbonate in diluted formic 
acid and allowing the blue solution to crystallize. The 
blue monoclinic crystals contain water of crystallization 
which has to be removed by drying the substance at a 
temperature of about 60°-70°C. One obtains a light blue 
powder if the drying has been carried out carefully. 
Slight overheating results in partial decomposition and 
produces a dark greyish green powder. 

If copper formate is heated, it decomposes according 
to the equation 


HCOO | 
HCOO Cu > Cu +H, + 2C0, 


The decomposition of copper formate leads chiefly to 
hydrogen and carbon dioxide but a certain amount of 
organic matter is usually formed, probably via formalde- 
hyde. K’/ A. Hofmann and K. Schumpelt® made a 
systematic study of the decomposition of metal formates 
and found that the nature of the metal determines the 
amount of tarry products formed. 

F. D. Chattaway’ (1907) was the first to observe bright 
mirror patches on glass when copper formate was heated. 
M. Enderli® utilized this reaction for producing copper 
mirrors on glass by pressing cupric formate or a mixture 
of cupric benzoate with ammonium or hydrazine formate 
onto the glass surface and heating it under reducing 
conditions. 

We have reproduced these experiments and found that 
very bright mirrors can be obtained by rapidly heating 
this compound in a test tube over a bunsen burner. The 
decomposition occurring around 150-200°C. is fairly 
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violent, the gas evolution blows some of the salt upon the 
hot glass walls where its decomposition results in the 
formation of bright copper patches. The adherence is 
poor. 

This reaction, however, could be improved consider- 
ably by carrying it out through the vapor phase in vacuo. 
For this purpose as well as for the decomposition of a 
number of other metallo-organic compounds an apparatus 
was built which is sketched in Figure I]. The apparatus 
consists of a glass tube (A) about 30 cm. in length and 
25 mm. in diameter with a side arm (B) for evacuation. 
The metallo-organic substance (C) was placed in the 
bottom of the tube (A) and another smaller tube (D) 
containing a wire coil heating unit (E) wound on re- 
fractory tubing (F) was inserted to within about 10 cm. 
of the bottom. A small movable furnace (G) served as 
the volatilizing heat source for the metallo-organic com- 
pound, The upper portion of the larger tube was cooled 
with a metal water jacket (H) to protect the evacuation 
tubing and the rubber connections from the radiant heat of 
the furnace. The temperature was measured by a thermo- 
couple (I) inserted into the bottom of the furnace. The 
heating coil (E) was surrounded with sand (J), thus 
giving a more even distribution of heat to the glass sur- 
face. In operation the finger (D) was heated to 350°- 
450°C. and the outer tube (A) was heated under vacuo 
to about 180°C. At this temperature the metallo-organic 
compound vaporized and was deposited as a bright 
metallic mirror on the surface of the hot inner finger. 

The conditions under which the cupric formate decom- 
poses are now fundamentally changed. Normally the 
decomposition is a topochemical reaction taking place in 
the crystal proper, as described by V. Kohlschiitter and 
M. Christen.® With this new technique, however, the 
substance can be vaporized without decomposition and 
in a later stage the vapor molecules decompose when 
colliding with the hot glass surface. In addition the glass 
wall has been brought into a more reactive state by heat- 
ing in vacuo. Mirrors obtained under our conditions 
adhere strongly and cannot be removed by brushing. They 
lend themselves to polish and to galvanic metal deposition. 


By combining the decomposition of cupric formate 
with that of volatile organic compounds of other metals 
the mirror can be modified if so desired. A dry mixture 
of cupric formate, calcium formate and stannous chloride 
for instance precipitates a bronze mirror. 

As already mentioned cupric formate was found to be 
the most convenient substance for producing a copper 
mirror. It can be volatilized in vacuo at 170°C. and its 
vapor decomposes readily at the glass walls heated to 
350-450°C. The formate of nickel on the other hand 
proved to be unsuitable for producing a metal mirror 
because its vapor pressure at the decomposition tempera- 
ture (210°C.) is not high enough to bring about vapori- 
zation. With this metal, besides the well known nickel 
carbonyle, the acetylacetonate has been found to be more 
advantageous. 

For those interested in studying further these interest- 
ing reactions a short description is given for the prepara- 
tion of some of these metallo-organic compounds. 

Copper Acetylacetonate.° \Copper acetylacetonate 
may be prepared by shaking together a water-alcohol 
solution of cupric chloride, sodium acetate, and acetylace- 
tone. The pale blue powder is filtered off, washed well 
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with water. The cupric acetylacetonate volatilizes in vacuo 
at about 200°C. and its vapor decomposes at higher 
temperatures (350°-450°C.) to form an adherent copper 
mirror at a hot glass surface. 

Nickel Acetylacetonate.'' Nickel acetylacetonate may 
be prepared by the following method. First, pre- 
cipitate green nickel hydroxide from a nickel nitrate 
solution with sodium hydroxide. Wash the precipitate 
well with water and then shake the wet nickel hydroxide 
(1 mole) in a separatory funnel with acetylacetone (2 
moles). This separates almost quantitatively a blue-green 
powdery precipitate of nickel acetylacetone which may 
be recrystallized from ethyl alcohol. The nickel acetylace- 
tonate volatilizes in vacuo at about 160°C. and its vapor 
decomposes at a hot glass surface (350°-450°C.) form- 
ing an adherent nickel mirror. 

Platinum Acetylacetonate.'* _ Platinum acetylacetonate 
may be prepared according to a method described by H. 
Werner. Platinous potassium chloride (1 gram) is dis- 
solved in hot water (8 ml.) and is mixed with a solution 
of potassium hydroxide (3 ml. of 1:3) and heated until 
yellow. Acetylacetone (2 grams) is added and the mix- 
ture is heated and stirred constantly for approximately 
15 minutes. A fine yellow powder forms and is collected 
by filtration. A second yield may be obtained by adding 
additional potassium hydroxide (1 ml.) and acetylacetone 
(1 gram) to filtrate and heating again. This process may 
be repeated four or five times. The yellow powder is 
washed well with water and dried. The platinous acetyl- 
acetonate volatilizes in vacuo at about 180°C. and its 
vapor decomposes at higher temperatures (350°-450°C.). 
The decomposition at a hot glass surface again leads to 
a metallic film showing good adherence properties. 
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Base Exchange with Subsequent Reduction. Whereas 
cupric ions migrate into glasses only at relatively high 
temperatures and require glasses of unusual composition, 
preferably potash glasses containing some ZnO or MgO, 
the cuprous ion offers no such difficulty. Leibig’® used 
molten cuprous chloride for the purpose of producing 
the red copper stain in borosilicate glasses of the Pyrex 
brand type. In our laboratory it has been found that the 
same can be accomplished by exposing the glasses to the 
vapors of cuprous chloride with a subsequent reduction."* 

In order to obtain a mirror, the amount of cuprous 
ions entering the glass surface should be as great as 
possible; the depth of penetration is of secondary im- 
portance. In other words, the concentration gradient of 
the cuprous ions should be high. Low concentration 
gradients favor the formation of the red copper stain 
but do not produce mirrors. In order to avoid dissipation 
of the cuprous ions the reduction has to take place at 
temperatures as high as permissible so that the reaction 
time is short. In our laboratory, we produced a brilliant 
metallic copper mirror within the surface of the glass by 
“flash reducing” in hydrogen at 700°-800°C. a sample 
of glass which had been exposed to cuprous chloride 
vapor for 6 hours at 550°C. At this high temperature 
the copper mirror forms within the surface of the glass 
and did not dissolve in nitric acid. 


Copper Deposition from Solutions 


The precipitation of metallic copper from a solution 
containing Cu” ions by a strong reducing agent such 
as chromous chloride does not lead to a mirror. As 
pointed out, mirror formation depends on the participa- 
tion of the glass wall. In contact with aqueous solution 
this can be accomplished in two ways. The first method 
involves the same principle as the silvering process; i.e., 
base exchange. It is limited to cuprous ion containing 
solutions because of the difficulty of replacing a monova- 
lent sodium ion Na’ in the glass structure by a divalent 
ion such as Cu’. If the first step in mirror formation 
consisted merely of an adsorption, cupric ions should 
behave as well as cuprous ions, but such is not the case. 

The second method consists of activating the glass sur- 
face in a way so that it may catalyze a reaction leading 
to elemental copper which otherwise would not proceed 
without a catalyst. Such a reaction is the reduction of 
cuprice tartrate in alkaline solution by means of formalde- 
hyde. This reaction proceeds only when catalyzed by 
metallic copper, silver, gold or one of the platinum metals. 

The Phenylhydrazine and Hydrazine Method. F. D. 
Chattaway’ (1907) found that a copper mirror can be 
obtained by reducing copper salts with phenylhydrazine 
in alkaline solutian. For this purpose pure, freshly dis- 
tilled phenylhydrazine C,H,-NH:NH, is dissolved in 
water. The two liquids become miscible at 80°C. To the 
warm mixture a saturated solution of Cu(OH), in am- 
monia is added. The dark blue of the cupric ammonium 
ion disappears because the divalent copper is reduced to 
the monovalent cuprous ion. Further reduction of -the 
cuprous compound to the metal takes place if KOH is 
added to the mixture. The reaction therefore takes place 
in two steps. Writing the copper compounds as the re- 
spective oxides, we can say: 

I. 2Cu0 + C,H,-NH-NH, = C,H, + N, + Cu,0 + H,O 
II. Cu,0 + C,H,:NH:NH, == C,H, + N, + 2Cu + H,O 
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The first step takes place instantaneously. The second 
step requires time but can be accelerated by the partici- 
pation of the glass surface. The cuprous compound enters 
a base exchange reaction forming a cuprous silicate which 
is more readily reduced than the cuprous ions in solu- 
tion. Once the first film of the copper metal has formed 
at the glass surface the metal assumes the reduction 
potential of the reducing agent and the reaction proceeds 
rapidly at the metal-liquid interface. 

The reducing action of the phenylhydrazine is based on 
its oxidation to nitrogen and benzene. Unfortunately side 
reactions cannot be avoided and as a rule tarry products 
dissolved in the benzene interfere with a smooth copper 
deposition. This and the fact that the reaction which has 
to be carried out at about 80-90°C. develops irritating 
vapors, lead E. A. H. French* to use the modified 
process, replacing the phenyl derivative by a hydrazine 
salt*. Hydrazine, NH,.NH,, can act as a reducing agent 
by being oxidized to nitrogen. This reaction is not ac- 
companied by the formation of tarry products. The lack 
of these protective colloids, however, which in the case 
of the phenylhydrazine process prevent the autocatalytic 
progress of the reaction, causes the hydrazine process to 
proceed rather independent of the glass surface, so that 
only a small fraction of the copper deposits at the glass, 
the major part forms in the solution. French improved 
this condition by sponging the glass surface to be treated 
with the cuprous-ion solution before applying the final 
mixture and he emphasises the importance of this treat- 
ment. This first step of the reaction leading to cuprous 
ions was used to provide a cuprous-silicate glass surface. 
Upon addition of the KOH, which liberates the hydrazine 


base, the reduction to the metal is completed. 


The paper of E. A. H. French describing the prepara- 
tion of coppered glass mirrors represents by far the most 
thorough investigation from a practical point of view. 
He not only described the cleaning operation of the glass 
surface—one of the most important steps in the manu- 
facture of flawless mirrors—but calls attention to the 
difficulties which one is likely to encounter in coppering 
glass and finally gives a detailed description of the final 
treatment and protection of the copper mirror. 


French describes his technique as follows: Hydrazine 
sulfate (9 grams) is dissolved in water (150 ml.) and 
heated to 60°C. A saturated solution of cupric hydrox- 
ide in ammonia (90 ml.) is added with constant stirring. 
The cupric hydroxide is converted to the cuprous hydrox- 
ide and the blue color disappears. The article to be cop- 
pered is sponged with this mixture. Without delay a 
warm solution (60°C.) of 10 per cent potassium hydrox- 
ide (87.5 ml.) is added and the glass to be coppered is 
dipped as soon as possible. This mixture is then placed 
in a water bath at 43°C. and the temperature is raised 
to 57°C. 


Despite the reported satisfactory results for the copper 
hydrazine sulfate process, in our laboratory we were 
unable to reproduce a mirror, even though we used glasses 
which had been pretreated with (1) silver nitrate solution, 
(2) cuprous chloride in dilute hydrochloric acid, (3) stan- 
nous chloride solution, (4) copper stain, and (5) silver 
stain. 





*This modification had been suggested previously by J. D. Smith.* 


**(Molar Reduction Potential is —1.50 volts as compared with —0.75 
volts fer phenylhydrazine. ) 
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By the use of the copper-phenylhydrazine process, 
however, we were able to produce bright copper mirrors 
and the influence of the pretreatment of the glass was ex- 
tremely noticeable. This phenylhydrazine process has 
been described by Chattaway*: 

Heat a mixture of one part freshly distilled phenyl- 
hydrazine and two parts of water until a clear solution 
is obtained. To this add about one-half its bulk of a warm 
saturated solution of cupric hydroxide in strong am- 
monia. Nitrogen is freely liberated during the addition 
and cupric hydroxide is reduced to cuprous oxide which 
remains dissolved in the ammoniacal solution and does 
not undergo any immediate further reduction until heated 
with an addition of KOH. A hot 10 per cent solution 
of potassium hydroxide is added until a slight precipi- 
tate is produced. The articles to be coppered are added 
immediately and the mixture is heated in a water bath 
at about 80°C. 

Pretreatment of the glass had a marked effect on the 
ease of mirroring. Glasses which had stood in silver 
nitrate solution formed a copper mirror immediately 
after the addition of the coppering solution. Pretreat- 
ment with stannous or cuprous salt solutions also pro- 
duced accelerated and improved coppering (greater uni- 
formity and adherence). . 

The two main disadvantages of the phenylhydrazin 
method of copper mirroring have been mentioned previ- 
ously; ie., (1) the formation of tarry by-products dis- 
solved in the benzene which interfere with a small deposi- 
tion and (2) the development of irritating vapors dur- 
ing heating. 

The Formaldehyde Method. One of the most reliable 
methods of producing a bright copper mirror on a glass 
surface consists of activating the glass by means of an 
imperceptible silver mirror and developing this metal 
film by means of a cupric tartrate-formaldehyde mixture. 

The analytical chemist uses an alkaline cupric tartrate 
solution under the name of Fehling solution as a reagent 
for qualitative and quantitative determinations of cer- 
tain reducing substances such as sugar. The complex 
copper compound is easily reduced to cuprous oxide by 
many reducing agents. Formaldehyde despite being a 
strong reducing agent in alkaline solution** does not 
bring about Cu,O formation. In the presence of metals 
such as copper, silver, gold or platinum, a reaction is 
catalyzed which leads directly to metallic copper. 

In the case of catalysis by silver ions, we found that 
catalytic silver nuclei could be formed merely by rinsing 
the glass to be coppered with an acidic solution of silver 
nitrate and washing with distilled water. Under these 
conditions the silver ions enter into a base exchange 
with the sodium ions of the glass surface. Therefore, 
when the alkaline cupric tartrate-formaldehyde solution 
is added, these silver ions are reduced and serve as acti- 
vated centers for the catalytic deposition of copper metal 
from the Fehling’s solution. Although the mechanism of 
the catalytic reaction is somewhat conjectural, it might 
conceivably be subdivided into four parts. First, the 
copper ions from the solution are adsorbed by the atomic 
silver in the glass; second, an electron is transferred 
from the metallic silver to the copper which leads to 
metallic copper ion; third, a molecule of reducing agent 
is adsorbed by the metallic copper; and fourth, the re- 


(Continued on page 142) 
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Window Glass 


GLASS—ITS DEVELOPMENT ... 
(Continued from page 124) 


melting. The Mineral Industries Department of Pennsyl- 
vania State College developed work along theoretical lines. 
The University at Alfred, N. Y., developed personnel. 
The Bureau of Standards, by a continuous appropria- 
tion to insure a supply of optical glass for the Army 
and Navy, continued its studies; and the Geophysical 
Laboratory worked more on the glassy phase and crystal- 
lization of compounds in the region closer to commercial 
glasses than ever before. Massachusetts Institute of Tech- 
nology and the University of Chicago began to contribute 
knowledge of the molecular structure. Mellon Institute 
had fellowships. This and many others developed a 
multifaceted approach which, combined with the unique 
engineering attitude in America, has developed glass as a 
business and as a science to the fore of any other political 
unit in the world. 

Seaman and Martin’s work on furnaces developed the 
ability to reheat the incoming air and produced higher 
temperatures in larger units than had heretofore been pos- 
sible. This meant the development of the open-hearth 
steel furnace and the glass tank, both so nearly alike that 
one would have to look carefully to be sure which furnace 
he was examining. Natural gas helped to produce the 
uniformity so desired and enlarged the tanks until now 
100-ton tanks are common. I mention this with the ma- 
chine development for rapid, continuous, uniform, high- 
speed production of containers and the continuous strip 
production of window glass at the rate of three miles a 
day per machine and the continuous grinding of plate 
glass for automobiles as a basis for developing the need 
of more science. Along with these bulk glass productions 
and their improvements have come the specialty glasses. 
In the old days the college textbooks mentioned hard and 
soft glass. There was an ill-defined difference between the 
two even imperfectly understood by the laboratory men 
who worked the tubing and made the apparatus. Schott 
had improved this to some extent, then Pyrex came after a 
real study of the influence of the ingredients in the glass. 
I am giving you these developments somewhat separately, 
but the beginnings of the special glass were growing 
while the bulk glasses were being improved. Along with 
these developments during the past fifteen years before 
World War II have been advances in the fundamental 
scientific knowledge of glass on which may be hung a 
good portion of the very recent new ideas. 


Progress Between World Wars I and II 


Glass is a sort of a least common denominator for the 
silicate industry. It is the bond between the particles of 
most all of the ceramic products. Glass itself is no differ- 
ent from the magma of the original earth’s crust which has 
cooled without crystallizing. The modern glass furnace is 


Heat Resistant Glass Safety Glass 


nothing more than a volcano in a small and controlled 
condition, and the machine only blows a bubble of the 
glass and controls its shape. This was what has brought 
the work of the Geophysical Laboratory into commercial 
contact and it is this which has made the commercial 
laboratory turn to such work on fundamental science as 
Morey’s phase rule of the silicates in which we have 
learned what compositions to use in order to keep away 
from the liability of crystallization. In 1916 A. L:; Feild, 
of the U. S. Bureau of Mines, developed a viscosimeter for 
the study of blast-furnace slags. This and other methods 
have been improved until today viscosities are com- 
monly determined with an accuracy that is astonishing. 
It is the peculiarity of gradual viscosity change with tem- 
perature that makes glass manufacture possible and, at the 
same time, determines the method of its use. Glass is a 
peculiar substance. Being generally transparent, it has 
been difficult to know just what to make of it. Its physi- 
cal properties of hardness, light transmission, and index of 
refraction told little of its composition for a long time. 
The analysis was given for years following the old miner- 
alogists’ formulation by oxides. 

Then Zachariasen in Chicago and Warren at Massachu- 
setts Institute of Technology began to work on the X-ray 
patterns of glass, searching for the molecular structure, 
until now we have a pretty good picture of the arrange 
ment of the atoms of silicon and oxygen, the reason for 
the tight bonding of the silicon and the relative position of 
the various elements as they find themselves either in the 
interstices of the crystal or in the structure of the lattice 
itself. This important knowledge is backing up very 
much the search for the reasons for the physical proper- 
ties which in the past twenty years have become more 
accurately known. The first efforts were in finding causes 
for the changes in the curves of expansion as found by 
Tool at the Bureau of Standards, then in electrical prop- 
erties and the effect of the heat history on the glass. 

At the same time that this was going on, knowledge 
was being gained on the applied physics and chemistry of 
the material. Glass as a material can have greater tensile 
strength than iron, but it has always been rated as more 
unreliable. Tensile strengths were obtained much beyond 
anything the metals could produce, but the factor of 
safety from an engineering standpoint had to be so large 
that for all practical purposes the glass was weaker than 
steel. Now knowledge of the tensile and compressive 
strength is based on knowledge of molecular arrangement 
and surface condition. The result has been a flood of 
work on heat treatment of glass that protects it from 
breakage, redesign of parts that parallels the work done 
on airplane structures, and surface treatment to condition 
the molecular layer on the outside. All of this has been 
done by many individual laboratories; window glass 
companies taking advantage of the fundamental knowl- 

(Continued on page 144) 
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PETITION FOR CLARIFICATION ... 
(Continued from page 135) 


Its plea is that the right to repossess machines would 
implement the power to stifle competition and that this 
can be avoided only if the District Court is directed to 
require Hartford to renew leases to licensees and asks 
that Hartford be enjoined from any action to repossess 
except upon application to and approval of the District 
Court. 

The opinion of the Supreme Court, as stated by Hart- 
ford in its reply to this point “expressly explains that 
Hartford abolished all objectionable restrictions and 
limitations in its leases.” It is further pointed out that 
“Hartford can be enjoined in the event that any existing 
provision in the leases is still objectionable.” 

Hartford’s understanding of the opinion as indicated 
by further discussion on this point seems to be that it is 
clearly intended that it is not to repossess leased ma- 
chines except for a breach of contract by a lessee such as 
non-payment of royalties or refusal by a lessee to renew. 
On this basis Hartford argues “it is difficult to under- 
stand how the Government can claim that the opinion 
could be interpreted otherwise.” 

Hartford in answering point five states that the Goy- 
ernment is again in error in suggesting that the High 
Court’s opinion permits it, Hartford, to refuse to lease or 
license so-called suppressed machines. 

Discussing this point Hartford cites the opinion which 
requires the defendants to lease or license feeders, 
formers, stackers and lehrs each defendant now manu- 
facturers. Hartford maintains that “the so-called sup- 
pressed machines are in large measure copies of Hartford 
inventions and thus are machines of the same class as 
Hartford machines which must be licensed. Hartford 
states it has no intention of asserting that either the 
machines it now distributes or equipment referred to as 
the Howard, Federal, Kucera, etc., are not to be covered 
by the Court’s judgment. 

The manufacture of glass making machinery is dealt 
with in point five and the Department of Justice here 
seeks to show that Hartford and Lynch are permitted to 
monopolize the glass making machinery business by 
virtue of the Court’s opinion. 

Hartford unequivocally denies that the opinion per- 
mits such a result. It points out that the opinion permits 
any licensee to have machinery made by any manufac- 
turer of his own choosing. One requirement asked for 
in the Government petition relating to machinery manu- 
facture is that which pertains to the Government’s effort 
to make obligatory upon Hartford the granting of a 
license to “sell” their machines. In answer Hartford 
states that “Neither the Department in its draft of judg- 
ment nor the lower court in entering the judgment sought 
to impose any affirmative obligation upon the defendants 
to grant a license ‘sell’ their machines. The judgment 
entered does not so provide and the Department has not 
appealed from that judgment. The Department cannot 
now belatedly seek to impose that obligation.” 

In further discussing this matter, Hartford argues that 
the value of patents would be gravely impaired should 
the defendants be required to license the sale of their 
machines stating that “there is serious doubt whether a 
patentee—who sells his patented machine—may continue 
to collect royalties thereon.” 
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The meaning of the terms “reasonable royalties” and 
“standard royalties” as contained in the Supreme Court’s 
opinion are made the basis for the Government’s request 
for clarification covered in point seven. 

The Department’s petition reads “The opinion states 
that paragraph 24(a) (of the decree) is to be modified 
to permit the reservation of reasonable royalties.” It 
further states “In the subsequent elaboration it is said 
that appellants should be required to license ‘at standard 
royalties.’ ” 

The Department argues that since Hartford’s presently 
subsisting royalties are designated in its brief as “stand- 
ard royalties” and are referred to in like manner, in the 
opinion of the Court it is possible that the District Court 
may consider itself bound to hold that present royalties 
are reasonable for purposes of administering paragraph 
24 as revised. 

Hartford contends that the Government seeks to 
construe the opinion of the Court as permitting it to 
license at unreasonable royalties. While the !lartford 
answer goes into some detail concerning this phase of 
the original litigation its position on the matter is more 
or less exemplified by the statement that “The opinion 
initially states that the royalties charged should be 
standard royalties. We assume that this was to avoid the 
necessity for Court approval in advance of each and 
every royalty specified and to insure the absence of 
discrimination.” The opinion then continues with a 
proviso that if a claim should be made that royalties 
being charged are unreasonable, the Court may pass 
upon the question and reduce excessive royalties to a 
fair and reasonable basis. 

In the eighth and last point the Department of Justice 
captions this section of its petition “Need for Reserving 
to the District Court the Power to Order Dissolution of 
Hartford if Necessary.” 

Whether or not this can be considered a plea for 
clarification or outright reargument may be debatable 
but in any event the opening paragraphs of Hartford's 
answer as quoted earlier in this review leave no doubt 
as to how at least one group of the legal profession feels 
about the matter. 

In arguing against this Government plea Hartford out- 
lines numerous reasons why the request is unreasonable, 
citing among other things, that “The Government on 
appeal conceded before this Court that dissolution of 
Hartford would be impractical, that the lower court had 
considered it inadvisable and that the value of Hartford 
to small licensees had been an apparent factor in in- 
fluencing the court in arriving at this decision. 





PERSONNEL CHANGES AT FIBERGLAS 


Several changes in the branch personnel of Owens-Corn- 
ing Fiberglas Corporation, effective as of February 1, 
1945, have been made. 

Ben S. Wright, manager of the Fiberglas Fabrics Divi- 
sion in Toledo since 1940, has been transferred to Cleve- 
land as manager of the firm’s branch office. 

Mr. Wright succeeds W. H. Atkinson, who becomes 
manager of the Fiberglas Corporation’s Chicago branch 
office. 

Mr. Atkinson succeeds Frank L. Myers as Chicago 
branch manager. Mr. Myers will return to the company’s 
general offices to join the general sales organization. 





141 











’ 


COPPER MIRRORS ON GLASS ... 
(Continued from page 138) 


ducing agent transfers an electron to the metallic copper. 
Thus, as the reaction proceeds, the catalytically deposited 
copper layer increases in depth. ‘ 

Weisskopf'’ used the addition of gold chloride or 
platinum chloride to an alkaline mixture containing 
cupric hydroxide to bring about its reduction to metallic 
copper by means of formaldehyde. M. Volmer’® de- 
veloped the process to its modern form, where the silver- 
ing and the coppering are performed as two independent 
steps. This coppering process is actually a physical de- 
velopment process of an invisible metal layer rather than 
a reaction involving the participation of the glass surface 
proper. In our laboratory this method was used, there- 
fore, to detect the presence of metal atmos which had 
formed at a glass surface whieh had been treated with the 
vapors of metal halides and then reduced by cathode rays 
or reducing gases. 

Helen S. Williams'* developed a method for intro- 
ducing copper ions into a glass surface by means of a 
halide vapor treatment. Briefly, this treatment consists 
of heating the glass to 500°C. in a cuprous chloride at- 
mosphere for various lengths of time (15 minutes to 8 
hours). The metal ions thus introduced into the glass 
surface by a base exchange reaction with the sodium ions 
of the glass may then be reduced by subjecting the glass 
either to cathode radiation or to the influence of a hydro- 
gent atmosphere at relatively high temperatures (400°- 
500°C.). Under these conditions, if the surface concen- 
tration of cuprous ions is high enough, a copper ruby 
or metallic lustre is produced. However, below a cer- 
tain limit of cuprous chloride exposure (1 hour at 400°C. 
or 1-5 minutes at 500°C.), a glass may be produced 
which does not show a ruby color or metallic lustre, but 
which nevertheless containes copper atoms. 


per tartrate-formaldehyde process of physical develop- 
ment. The copper tartrate solutions (Fehling’s solutions) 
are prepared and stored as two separate units, namely: 


34.6 grams of CuSO,°5 H,O dis- 
solved in 500 ml. of distilled 
water. 


Fehling’s solution I 


Fehling’s solution I] 173 grams of Rochelle salt (so- 
dium potassium tartrate) and 65 
grams of sodium hydroxide dis- 
solved in 500 ml. of distilled 


water. 


Equal volumes of solutions I and II are mixed just before 
using and for our purpose this concentrated solution 
was diluted in a 1:5 ratio. 

A colorless reduced sample of glass (exposed to cu- 
prous chloride for one hour at 400°C. and then reduced 
in a hydrogen atmosphere for 45 minutes at 500°C.) is 
placed in a beaker containing dilute Fehling’s solution 
and a few drops of formaldehyde are added. The beaker 
is then placed in a water bath at 90°C. for 5 to 10 min- 
utes. At the end of this time, a heavy copper deposit 
in the form of a mirror is visible on the glass surface. 

This physical development process also was used to 
detect the presence of other invisible metal atoms such 
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The pres-, 
ence of this invisible copper may be detected by the copk, 





as silver introduced into a glass surface by means of the 
silver stain. 


Copper Deposition from Solids 


Copper ‘hydride represents ‘a rather unique substance 
which can be used to deposit a copper mirror on a glass 
surface. This compound which was discovered by Wurtz?” 
in 1844 can be obtained by the reduction of a copper-salt 
solution in diluted sulfuric acid by means of hypophos- 
phorous acid (H,PO,). Its chemical composition cor- 
responds approximately to the formula CuH, but the 
existence of this compound has been questioned and some 
chemists believe that the product is more a solid solution 
of atomic hydrogen in metallic copper than a true chem- 
ical compound. The course which the reaction between 
cupric ions and hypophosphorous acid will take depends 
on the molecular ratio of the two ingredients. If the 
copper compound is in excess, it will be reduced first to 
cuprous ions and then to metallic copper. No hydrogen 
gas is liberated under these conditions. If, however, the 
hypophosphorous acid is in excess, the reduction leads 
to CuH, a brown precipitate which slowly decomposes 
under the liberation of hydrogen. In this case the re- 
action can be expressed by the equation: 

2 Cu* + 3 H,PO, + 3 H,O > 

2 CuH + 3 H, PO, + 4H* 
For the present work the copper hydride was prepared 
according to a method described by Vanino”?: 

Seventy-five grams of crystallized copper sulfate 
(CuSo,°5H,O) are dissolved in about 300 ml. of distilled 
water; 310 grams of a diluted sulfuric acid (d = 1.130) 
and a solution of 100 grams of sodium hypophosphite 
in water is added and the mixture heated to 40°-50°C. 
The brown copper hydride precipitates and the reaction 
is complete if a filtered sample of the solution does not 
precipitate further amounts of CuH when heated with 
additional sulfuric acid. The reaction product is filtered 
off, washed with water and stored in a wet condition. 
On drying the product loses its hydrogen more readily 
and occasionally its decomposition assumes explosive 
character. 

W. Wagner”! suggested the use of this material for 
depositing a layer of copper on glasses and glazes. For 
this purpose a suspension of it in water is brought onto 
the glass surface, allowed to dry and fired in an inert 
or reducing atmosphere (city gas or hydrogen). 

In accordance with the principles outlined in the first 
part of this paper adherence can be expected only if the 
glass surface participates in the reaction. Such inter- 
action would be difficult to explain if the copper hydride 
would represent merely a solid solution of hydrogen in 
copper. If we regard this compound as a true hydride 
Cu*H™ its reaction should be similar to that of the 
cuprous halide, e.g., Cu’Cl and we know that this 
group of compounds reacts easily with soda lime glasses. 

In order to find out more about this reaction, two 
glass samples, microscope slides, were coated, one with 
CuH and the other with precipitated metallic copper. 
Both glasses were then fired in an atmosphere of city 
gas to about 450°C. After this treatment (30 minutes) 
the coating was removed and the glass samples were 
cleaned with diluted nitric acid. It could be seen that 
only the sample fired with CuH showed the familiar red 

(Continued on page 149) 
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CORRUGATED CONTAINERS ORDER 
AMENDED 


Limitation Order L-317 controlling the manufacture and 
use of corrugated shipping containers was amended Feb- 
ruary 6, 1945. 

One of the most important changes in the order is 
contained in paragraph ¢G) which specifies a 5 per cent 
cut in the use of all new fiber shipping containers for 
non-military purposes must be made until further notice. 
This cut, which is effective with the first quarter of the 
calendar year 1945, will be applied as follows: Either on 
the basis of 2314 per cent of the total square feet of con- 
tainer board or weight of board lawfully used by the 
packer during the calendar year of 1944 for each quar- 
ter of the year 1945; or 95 per cent of the square footage 
or weight of container board content of all fiber ship- 
ping containers used by the packer during the corre- 
sponding calendar quarter of 1944. 

Paragraph (G) of the order mentions Schedule III 
which lists hundreds of products. In the interests of 
quick identification for glass products other than con- 
tainerware the quotas established by the order for vari- 
ous classifications of glassware are as follows: 

Unlimited in use of corrugated containers: 


Tumblers, other than cut, footed, or stem 
Scientific glassware 

Laboratory ware 

Hospital ware 

Industrial ware 

Shades and reflectors 

Lamp chimneys 

Lantern globes 


Limited to 95 per cent of 1944 legal usage (not allot- 
ment) of corrugated containers in each quarter, based 
on same quarter or average quarter, as preferred: 

Glassware for food preparation and serving, includ- 
ing but not limited to plates, dishes, cups, saucers, 
bowls, platters, baking dishes and pitchers. 

All glassware not used for food preparation and 
serving, including but not limited to vases, pots, 
statues, decorated products, art products, and 
ornamental ware. 





Wise, Corlett & Canfield 
Counselors at Law 
122 East Forty Second Street 
New York, N. Y. 


Editor: 


There are two corrections which should be noted in 
connection with the article “The Supreme Court Hands 
Down its Decision” appearing in your February issue. 

The correction on page 71 refers to the agreements 
made between the defendants other than the license agree- 
ments. These agreements made prior to the date of the 
decree, not after, were ordered cancelled. 

The correction on page 97 is only to emphasize that a 
petition for rehearing must be filed within the twenty- 
five-day period after the entry of the judgment of the 
Supreme Court, which, in this case, was January 8, 1945. 

Very truly yours, 
JosepH F. SHARP 
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What ROMMEL is doing 


We want to tell you what we are doing today and what we are plan- 
ning for tomorrow . . . not in a spirit of boastfulness, but in quiet 
pride that what Hommel is doing is so typical of American industry. 


Our PLANT is still busy to capacity on war products that are 
needed today—that are used on every fighting front. There 
will be no ‘‘let-down"’ in this direction until the progress of 
the war clearly permits it. 

Our LABORATORIES are working just as hard on still better Frits 
and Colors to insure the continued growth of our company and 
to maintain steady employment for our present workers and for 
the men in the armed forces, who we hope will soon return. 
A steady flow of new developments is being brought from the 
idea stage to tested and perfected plans—no incredible miracle 
finishes, but plenty of solid progress so that porcelain enamel 
may serve in still better and in more ways than ever before. 

Our SALESMEN continue to work closely with their customers— 
to keep their minds free of a ‘‘seller's market'’ attitude—to 
aid in the fair distribution of our products—and to help others 
in the development of their postwar plans. 

Our MANAGEMENT directs these efforts, and also keeps in 
close touch with Hommel employees in the armed forces—en- 
deavoring to help wherever they can today, and to see where 
these men can be re-employed Si their maximum skill. 

Our PLANNING continues a 55 year record of steady progress— 
for it is based on a sincere desire to see things from our 
customers’ viewpoint as well as our own. 


0. HOMMEL CO. 


RTH AVENUE 


PITTSBURGH PENNA 
































...for Glass 


and Ceramic 
Plants 


For 33 years we have special- 
ized in the manufacture of Fuel 
Oil and Gas Burners for’ all 
types of industries, 
many Glass and Ceramic Plants. 


including 


The broad experience we have 








gained over these years enables 
‘ 4 us to provide a solytion to 


many combust probl Per- 








haps we can help solve yours. 
xx** 


Write us for further information. 


NATIONAL AIROIL BURNER 
COMPANY, INCORPORATED 
1255 East Sedgley Avenue g 
PHILADELPHIA 34, PENNA. 


ESTABLISHED 1912 INCORPORATED 1917 
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GLASS—1ITS DEVELOPMENT .. . 
(Continued from page 140) 


edge in their own work on flat glass, bottle com- 
panies for the making of more efficient containers, and 
specialty companies for the production of the new reaches 
of this most: ancient material. One of the first advances 
that was made in the study of glass was the application of 
the polariscope, known a century ago but since the last 
war applied to the examination of glass in almost every 
factory. It led to a knowledge of the location of strain 
and resulted in changes in design and improvement of 
manufacturing technique. All this has led to what we are 
now primarily interested in, the new places glass has gone 
as a commercial product. These places are quite numerous 
and have been dramatically told, particularly in the 
Sunday Supplement sections of the newspapers. It has 
made them look more revolutionary than they are. The 
ne man has not been slow to take advantage of 
them. 


New Developments in Glass Making 


Glass product development is not an unconnected as- 
sembly of isolated phenomena which the announcements 
would imply. These developments can readily be classi- 
fied in their engineering, physical, and chemical cate- 
gories. These overlap somewhat but, based on the history 
which I have given, they can be put in their proper place 
and their possibilities of use can be figured. Glass has un- 
doubtedly reached very near its peak of artisans’ develop- 
ment because this went on for a great many centuries and 
under conditions in which there was no competition to 
the artistry of manual manipulation. 


Engineering development will naturally progress more 
rapidly for a while than the more truly scientific physical 
and chemical development because there is a longer time 
of growth in engineering and we have the machinery and 
equipment which can give us larger sizes, higher speeds, 
and better quality of the items which we are now using. 

We have covered the fact that the physics and chemistry 
of glass have been imperfectly known for a gerat many 
years, but only very recently has the knowledge been gen- 
eral enough or deep enough to give us the advances which 
are now beginning to unfold. Twenty-five years is a short 
time in which to obtain the fruit of such work as on the 
molecular structure in a material. 


Engineering . Developments in Glass. Building glass 
has come in for a certain amount of attention, first 
with the hollow blocks with a partial vacuum in them 
to help insulation and with flutings to influence the direc- 
tion of light. Now there are the porous insulating blocks, 
taking up the subiect of insulation from an entirely 
different angle. This, too, is a problem that had been 
worked on years ago with blast-furnace slag. Also there 
has been a lot of pipe-dreaming about colored plate glass 
walls reflecting varicolored light at different times of the 
day, and the sliding of panels of polarized glass back and 
forth to produce opaque or transparent walls. There 
have been ideas about heating the room by reflection 
from the walls and the floor, which would certainly make 
for more comfortable living. All these have two factors 
which must be satisfied. Are they technically possible? 
Are they economically sound? It is pleasant to pipe- 
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dream, but only in very expensive installations such as 
cocktail lounges will some of these things be seen for a 
while—where for a particular installation the expense 
need not be considered. 

With modern insulation, the windows of a house repre- 
sent an increasing factor in heat loss. Double-glazed 
windows have an advantage in giving light visibility, 
ventilation, and at the same time prevent heat loss, cold 
air down drafts, and sweating. 

Glass wool and glass thread are other old products 
which modern science and technology have expanded 
magnificently. Anyone who has ever worked glass knows 
of the tails of the gathering that collect on the edge of a 
pot. It looks like long threads of white wool. It is very 
much like the tails, similarly caused, that sometimes are 
seen in a candy factory. For years in this country there 
have been innumerable small plants making a crude wool 
out of rock whose composition would produce a crude 
kind of glass. Twenty years ago there were probably 
eighty of such plants but their total volume of business 
was too small to be of any note. The modern knowledge 
of physics and engineering has produced a cleaner, prop- 
erly sized material in tremendous volumes which is a 
much more satisfactory insulating material, with all the 
resistance that the silicate has to chemical attack. By 
controlling the size of the threads, textiles have been pro- 
duced, insulating materials improved, and now even the 
field of plastics as been entered in which the glass used 
as a filler is adding its strength to the plastic. 


Glass jewels were common in the ancient days of the 
Indian Empire when people were not particular about 
looking into the specific gravity, index of refraction, 
hardness, and cost of the jewels. It did not mean so much 
then as it does now to produce glass jewels. Instrument 
bearings need sapphire-hardness and a hole drilled to a 
hundred-thousandths of an inch, and production in the 
millions. 


Physical Developments in Glass. A good many cen- 
turies ago Prince Rupert demonstrated the peculiar pho- 
nomenon of a drop of glass rapidly cooled in water that 
broke with great difficulty and then shattered into “a . 
million pieces.” When it was finally learned that this 
strength was due to the compression of the surface, it 
was even then a long time before the engineering facilities 
were obtained with which to take advantage of this tre- 
mendous increase in strength. If ordinary glass will 
break at a tension of 10,000 psi., and a compression strain 
can be put on the surface of 90,000 psi., it results in a 
glass which will not break until the surface tension ex- 
ceeds 100,000 psi. All this is predicated on the knowl- 
edge that it is the surface which gives way first. This 
started in a small way as boiler gage glasses, then as a 
method of making automobile window glass better and 
cheaper than the laminated glass. It called for a knowl- 
edge of the exact amount of compression that was desired 
so that the particles from the break would be of the right 
size. This was comparatively simple on flat glass, but 
when they got into bomber noses so accurately made that 
there was no distortion of vision, it was a real engineer- 
ing job. Then the idea worked over into tumblers, table- 
ware, and finally even has been tried out in furniture 
and doors. I am not inclined to believe that it is going to 
revolutionize the furniture industry, but it is interesting 


(Continued on page 150) 
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i in this 
Modern Dust-Sealed Mixer 


Promote the HEALTH and EFFICIENCY i 
of your employes by mixing glass batches 

in a modern Smith Tilting Mixer. It's i 
DUST-SEALED during the entire mixing . 
cycle — no chance for dust or vapor to 
escape. A sealed charging chute and 
a sealed rectangular shaped discharge 
“dust boot” confine both dust and vapor 
within the mixer drum, thereby effective- 
ly eliminating the silicosis hazard. The 
famous Smith duo-cone drum, with its 
scientific mixing action, insures uniform 
batches, improved quality of glass and 
greater production. Backed by 44 years’ 
specialized experience in mixer design 
and manufacture. Write for Catalog. 

THE T. L. SMITH CO. 
2898 N. 32nd Street, Milwaukee 10, Wis. 






































1907 was a great year... BUY WAR BONDS 
AND KEEP THEM 














was a year of preparedness .. . 


Woodrow Wilson was re-elected President rs the United States . . . Lloyd George 2 
w 










was appointed Prime Minister of England . .. the National Defense Act in- 
creased the strength of our armed forces and provided for Civilian and Officers 
Reserve Training . . . Brig. Gen. John Pershing led a punitive expedition across 
the Mexican border in pursuit of Villa 

. the German submarine “Deutschland” 


arrived at Baltimore with a cargo of 
dyestuffs. 

Banner Lime, in its ninth year, was as- 
sisting the preparedness program with its 

approved uses and applications 

in Industry, Agriculture and 
Building. National Mortar & ° 
Supply Company, Grant Bidg., 
Pittsburgh, Pa. Estab. 1907. 


In 4 essential industries: agriculture, building, glass and steel—lime and limestone are essential 
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GUNITE bottle moulds will reduce your produc- 
tion costs for GUNITE metal has the right hard- 
ness to facilitate easy machining and the right 
density to assure a metal which will take a brilliant 
polish. GUNITE has excellent thermo-conductivity, 
resistance to heat fatigue, freedom from foundry 
defects and an unusually long life. 

Gunite Foundries has developed a metal for every 
type of glasshouse castings. Miller plungers and 
guide rings, neck ring sticks, bushing stock, press 
and blow moulds. rite us today 


GUNITE 


FOUNDRIES CORPORATION 
ROCKFORD ILLINOIS 
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SCHEDULED MEETING OF AMERICAN 
CERAMIC SOCIETY POSTPONED 


Announcement has been received of the postponement of 
the 47th Annual Meeting of the American Ceramic 
Society. This had been scheduled for April 15 to 19. A 
petition was sent to the ODT for permission to hold this 
meeting but since no answer was forthcoming the gather- 
ing has been voluntarily cancelled. However, the Board 
of Trustees will meet in Buffalo on April 16-17. 

A proposal has been made to hold a General Meeting 
next fall to take the place of autumn meetings usually 
held by the various Divisions. Consideration will be 
given to this proposal as soon as the present ban on 
meetings is lifted by the ODT. 

Since this very important annual meeting will not take 
place at this time the ACS asks that greater stress be 
placed on local Section meetings and on the different 
Committee meetings which will be held. 

Ballots for nomination of officers for the Society and 
different Divisions have been sent out by the ACS and 
these are to be filled in and returned to the Society—this 
being the regular procedure each year. 

Those men who have been nominated to serve as officers 
of the Glass Division for the 1945-46 term are as follows: 

Chairman: Louis Navias, Research Laboratories, Gen- 
eral Electric Co., Schenectady, N. Y. 

Vice-Chairman: O. G. Burch, General Research Labo- 
ratories, Owens-Illinois Glass Co., Toledo, Ohio 

Secretary: S. R. Scholes, New York State College of 
Ceramics, Alfred, N. Y. 


ARMSTRONG CORK ELECTS DIRECTOR 


Announcement has been received of the election of W. 
Gibson Carey, Jr., to the Board of Directors of the Arm- 
strong Cork Company. He will fill the vacancy caused 
by the death of Dwight L. Armstrong. 

Mr. Carey is President of the Yale & Towne Manu- 
facturing Company and a Past President of the United 
States Chamber of Commerce. 


PUERTO RICO CONTAINER PLANT 
IN OPERATION 


It has been reported that despite operations difficulties, 
the Puerto Rico Glass Corporation plant produced 1,373,- 
075 bottles during January. Production at the plant so 
far has been confined to the manufacture of eight and 
twelve ounce bottles. 

Mr. Carl Winner of Jackson, Mississippi, has recently 
been appointed the new superintendent of operations for 
the glass plant. He replaces William Killingsworth, who 
was formerly in this position. 


DEATH OF OUTSTANDING GLASS 
CONSULTANT 


Word has been received that Mr. James Cruikshank, who 
has been living at Church Hanborough, Oxford, England, 
died suddenly on the night of December 30, 1944. 

Mr. Cruikshank was, for many years, an outstanding 
consulting engineer of the plate glass industry with offices 
in Pittsburgh. He gave up his practice about sixteen 
years ago and after travelling for some time in South 
Africa and the South Sea Islands went to live in the 
British Isles. 
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FURNACE OPERATION AND CONTROL .. . 


(Continued from page 130) 
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Fig. 11 


The design of Fig. 11 is open to further comment in 
that it is a bit “under-ported” with 38 per cent cover- 
age: also that with the port spacing shown the tempera- 
ture distribution curve has a tendency to run too steeply 
down-hill to the bridgewall. 


* % am * * * 


In summation even the best designed glass-furnace is 
a pretty crude device and people who operate them will 
have no trouble picking faults in any furnace. It would 
not be difficult to conjure up a more efficient device for 
heat transmission, but any essential departure from the 
conventional bucks head-on into the practical limitations 
of the materials of construction. 


Effect of Composition 


Certainly in comparing or appraising furnace perform- 
ance generally, some account must be taken for the ef- 
fects of glass composition. Silica seems to exact the 
major influence, at any rate over the range of composi- 
tions used in the glass container industry. In other 
words, it does not seem to make very much difference 
to the furnace what the substituting component is— the 
change in Silica apparently overshadows its relative 
influence. 

A change in SiO, over the range of 72.5-75.5 per cent 
makes a difference of about 100° F. in operating tem- 
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perature, all other things being comparable. Or con- 
versely, the maximum ultimate capacity of a furnace is 
changed by approximately 15-20 per cent over that same 
range. 

The effect of cullet is not as great as one might expect. 
Below 400 lb./2,000 sand fuel economy seems to be in- 
fluenced to some extent and also the rate of disappear- 
ance of batch piles: but we have run zero cullet at less 
than 5 sq. ft./ton for a period of several months’ time 
without appreciable difficulty. 

Uncontrolled segregation of batch or uncontrolled 
error in weighing has noticeable influence on homo- 
geneity for certain, even though the temporary separa- 
tion that occurs in the early stages of the melt must be 
of tremendous magnitude. Cord rating and composition 
variation are of course influenced by rate of pull on a 
furnace and fluctuation in rate of pull. But for a com- 
parable furnace under comparable load conditions the 
average difference in overall cord rating is about 8 points 
between a modern batch system which would represent 
good practice as against an outmoded system dating back 
to say 25 years ago. 

The eight points, which is only a rough estimation, 
coincide with 80 per cent of the increment cordiness 
separating the individual letter ratings A, B, C, D on 
Swicker’s scale of rating. 
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Attention... 
Glass Tank Operators 


For Maximum Life SPECIFY 


c:-S:-R 
CAST SUPBR REFRACTORY 


For 


Mantels, Feeder Parts, Tuckstones, 

Burner Blocks, Port Covers, Port 

Bottoms, Port Arches, Port Skews, 

Port Baffles, Lintels, Jambs, Bridge- 
wall Covers, etc. 


C.S.R. has excellent resistance to 
HIGH TEMPERATURES 
CORROSION 
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SPALLING 


C.S.R. is 
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RESEARCH DIGEST ... 
(Continued from page 133) 


for a furnace or firing zone. The conventional piping 
system usually needs to be revised io provide for accurate 
measurement of the flow of air and fuel and the proper 
distribution of both to the burners. 

With the furnace pressure and fuel-air ratio under auto- 
matic control, the furnace operator needs only to adjust 
the fuel valve to control the temperature of the furnace. 
To control the temperature of the furnace automatically, 
the recording or indicating equipment, used as a guide 
by the operator in controlling the furnace by hand, is 
revised to include a control mechanism, and the necessary 
relay and valve-operating equipment is added. In the 
case of glass furnaces another useful control is that of 
checker control. At present there are three methods of 
reversing regenerative furnaces: 1—a simple time-cycle 
controller, 2—the temperature difference below the in- 
coming and out-going checkers, and 3—the Larsen-Shenk 
system which is based on a combination of time, 
maximum checker temperature, and minimum checker 
temperature. 





EMPLOYEES OF CORNING GLASS TO 
PARTICIPATE IN PENSION PLAN 


Corning Glass Works has just announced that more than 
5,000 of their employees will automatically participate in 
an unusual pension plan to provide retirement income at 
age 65. The cost of the plan, which is to be made 
effective as of January 1, 1944, will be borne entirely by 
the company. 

The plan is designed to supplement the benefits which 
employees are building under the Social Security Act 
and to supplement Corning’s group insurance plan. Every 
effort has been made to develop a program which will 
operate in a uniform and equitable manner for all. An 
analysis of several theoretical examples showing what 
would be paid out under the plan, indicates that it aims 
to provide a retirement income, plus social security bene- 
fits, amounting to approximately 40 per cent of the earn- 
ings of an employee with twenty years’ service. 


MATHIESON NAMES SOMMERS CHIEF 
ENGINEER 


The Mathieson Alkali Works has appointed Howard A. 
Sommers as Chief Engineer of the corporation, with 
headquarters in New York City. Mr. Sommers joined 
the Mathieson organization in 1925, several years after 
he was graduated from Case School of Applied Science 
in Cleveland, Ohio. 

Among his contributions to the chemical field are im- 
proved high pressure valves and compressor packings; 
general design for the liquid air and synthetic ammonia 
industries, and the design and construction of magnesium 
and dry ice plants. 


© The Wickwire Spencer Steel Company recently an- 
nounced the election of Robert T. Dunlap as a member 
of the Board of Directors. He has been associated with 
the company since 1943 and is also Vice President in 
charge of production at Wickwire. 
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COPPER MIRRORS ON GLASS . 
(Continued from page 142) 


color of the copper stain, which means that only in this 
case had the cuprous ions migrated into the glass and 
formed submicroscopic crystals of copper upon their 
reduction (copper ruby). This experiment is a strong 
indication for copper hydride being an actual compound 
and not just a solid solution. We can assume, therefore, 
that using CuH for depositing copper on glass, the first 
step will involve the participation of the glass surface by 
allowing cuprous ions to penetrate and enter into an 
exchange reaction with Na’ or H* ions. Subsequent re- 
duction of these cuprous ions results in the formation of 
a layer of metallic copper. Adherence of the metal layer 
can be improved considerably by pretreating the glass 
surface with a silver salt or with stannous chloride 
solution. 


Compared with the other coppering processes the cop- 
per hydride either alone or after deposition of a metal 
film on the glass, lends itself readily to the production of 
a thicker layer of copper which can be polished. 


Summary 


In consideration of the present interest in metal to 
glass seals, an extensive study was made on the deposi- 
tion of copper on glass by means of chemical reactions. 
Even if this investigation was limited to copper, an at- 
tempt was made to elaborate on the conditions which 
lead to the formation of an adherent layer of metal on 
glass. 


It was found that two factors were of paramount im- 
portance. The deposition had to be made under condi- 
tions where (1) the metal film does not readily recrystal- 
lize, and where (2) the glass wall actually participates 
in the chemical reaction. The latter can be accomplished 
in two ways: First, by using a medium from which metal- 
lic ions can migrate into the glass, and second, by acti- 
vating the glass with ions of noble metals which, in turn, 
catalyze the reaction leading to the copper film. 

A number of experiments are described which lead 
to the deposition of copper films. The reactions are 
conveniently subdivided into three groups, dealing with 
the deposition of copper: (1) from the vapor phase, (2) 
from solutions and (3) from a solid material, copper 
hydride. Deposition from solutions is represented by the 
two most important methods, the phenylhydrazine and 
the copper tartrate-formaldehyde method. The deposi- 
tion from the vapor phase led to the development of a 
new method; namely, the thermal decomposition of me- 
tallic-organic compounds at a hot glass surface. 
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BEVIL Wheel. 
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® For cutting tube glass, fragile 
forms and pyrex, or for cutting or notching the thickest 
plate or laminated glass, the BEVIL Diamond-Abrasive 
Cut-off Wheel offers these advantages: (1) It cuts fastes. 
Minimum cutting speeds of 5000 to 6000 S.F.M. are 
standard. (2) It cuts cleaner. Construction of blade mini- 
mizes tendencies to whip, eliminating possibility of damage 
to material being cut. (3) It cuts safer because patented 
bonding of body of wHeel and rim eliminates possibility 
of cutting rim pulling loose. In addition, the BEVIL Cut- 
off lasts longer than the average wheel. This means more 
and better cuts at less cost. A test will prove it. Try a 
BEVIL Cut-off Wheel on your work. 


Bulletin No. 3 describes the 

BEVIL Diamond-Impreg- 

nated Cut-off Wheel in de- 
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GLASS—ITS DEVELOPMENT ... 
(Continued from page 144) : 


to see what a good, heavy plate of glass will stand when 
it is properly treated. 

We have the high index of refraction glasses devel- 
oped by Morey, using compositions heretofore impossible 
because of our lack of knowledge of the relation between 
the phase rule, viscosity, and time. In optics the high 
index of refraction is often accompanied by a high dis- 
persion of the various regions of the spectrum. Com- 
positions of optical glass, heretofore, have been such that 
in order to correct for this, multicomponent lenses had 
to be made. Some of these new glasses will simplify the 
use of and extend the field of light which it is possible 
to use. 


Chemical Developments in Glass. One of the first of 
the developments of glass along lines other than custom- 
ary containers or windows was at Corning in the develop- 
ment of.a heat-resistant glass. This again was not a new 
idea. For a long time compositions had been produced 
that were of lower coefficient of expansion and slightly 
more resistant to chemical attack. By taking up the 
problem from a scientific rather than the artisans’ angle, 
the Pyrex glasses have been produced with which we are 
familiar in laboratory ware, cooking utensils, and now 
in large industrial applications. The advantages are ob- 
vious. The transparency and neutra-nature of the glass 
extend greatly the range of its usefulness. These glasses 
have reached into compositions of such low coefficient 
of expansion and toughness, combined with a compressed 
surface, that they can be used directly over flame. 

New work has been done on the chemical surface re- 
sistance of glass. First, elaborate studies evaluated this. 
Then the composition of the glass was changed so that it 
was much more resistant to this attack. The first work 
had to do with neutralizing the tendency of the surface 
to dissolve in water and chemicals. Committee C-14 on 
Glass and Glass Products has set up standards for these 
tests. Window glass was treated with acid to slow down 
alkali attack. Then the glass was treated on the surface 
with sulfur, thus allowing the use of an ordinary glass 
for chemical resistance. Then came the work of Jones 
and others in treating the surface of the glass with a 
molecular layer of another material, changing the index 
of refraction so that reflection was reduced, a chemical 
treatment for an optical job. This has given glass, which 
formerly transmitted only between 90 and 95 per cent 
of incident light because of surface reflection, the ability 
to transmit 95 to 99 per cent. All this has been used to 
good advantage in the making of microscopes and binoc- 
ulars. It can later be used on larger surfaces. It is a 
most valuable addition to optics. 

One of the spectacular developments in as has been 
Corning’s work on what is called Vycor. Taking advan- 
tage of the knowledge recently gained of the several 
liquid phases of glass, a short cut has been found to what 
is almost fused quartz. Instead of trying to melt quartz 
at approximately 3100 F. glass of the proper composition 
is melted, formed into articles, and then the alkalies 
leached out. This is just the reverse of what we endeavor 
to do with most glasses. We try to prevent the leaching 
out of the alkalies, with its consequent interference with 
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substances in contact with the surface. When a very high 
percentage of these alkalies is leached out, the article is 
then reheated until the glass shrinks so that the article 
becomes smaller. But now, instead of glass with only a 
reasonably low coefficient of expansion, it is primarily 
quartz glass. It is as if a brass article were so treated as 
to extract most of the zinc and other constituents, leaving 
the copper sponge, which would later be heated to cause 
it to shrink until the metal became continuous. 


The last and most spectacular development in glass, . 


based on its science entirely, has been the development of 
the silicons. These are organosilicon or they may be 
called inorganic organics. It is to be recalled that silicon 
and carbon are next-door neighbors in Group 4 of the 
Periodic Classification of the Elements. They are next- 
door neighbors but they have seldom spoken to each 
other. They have a good many characteristics in common, 
which indicates that they even belong to the same family. 
Each element went its own way over the years. Carbon 
developed into what we call organic chemistry because of 
its ability to make long chain and ring reactions. We 
might say it is more prolific. We are familiar with its 
great development even to the modern plastics, oils, and, 
in conjunction with other elements, the proteins. 

Silicon, on the other hand, though it developed the 
same family characteristic of ability to form large com- 
pounds making possible the multitudinous rocks and 
minerals, never seemed more than rarely to meet with its 
relative, carbon. This is due to two things. The nature 
of the silicon-oxygen relation is such that it does not be- 
come fluid and reactable except at extremely high tem- 
peratures, at which carbon compounds, disintegrate. 
Likewise the characteristic of silica and silicates seemed 
be generally an insolubility in water, the common low- 
temperature medium for chemical reaction. But as Kip- 
ling might have said, “Heat is heat and wet is wet and 
never the twain shall meet.” However, Kipling did not 
take into account the catalyzing influence of commerce 
even in his original. So, too, when commercial possi- 
bilities invited attention to this apparent incompatibility, 
silicon was introduced to its relative. We now have as a 
result a series of compounds made by introducing silicon 
into organics, which make possible oils with the same 
general properties of organic oils but modified by the 
closer packing characteristic of the silicon atom so that 
they withstand higher temperatures, and we have plastics 
with some of the characteristics of silicon introduced not 
as a glass but as intimate atomic parts of the molecular 
structure making possible variations in heat resistance, 
viscosity, and electrical resistivity and insulating charac- 
teristics which throw open a whole new world of possi- 
bilities. 

Once chemistry was a definite field of science, and 
physics lived in its own sphere. Then came physical 
chemistry. Once inorganic chemistry was a definite field 
and organic another. Glass was defined as inorganic 
and plastics as organic. Research is no respecter of tra- 
dition and the few glimpses we have had of the things 
glass has done are probably only preliminary to much 
greater developments in the future. 





This paper was presented at a meeting sponsored by the Pittsburgh 
an Se of the A. S. T. M. at the Mellon Institute in Pitts- 
urg ‘a 

Miniatures depicting the history and development of glass were originally 
exhibited at the New York World’s Fair and are now permanently in- 
stalled in the Museum of Science and Industry in Chicago. 
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COLLOIDAL GRAPHITE ... 
(Continued from page 127) 


Another use for this class of lubricant is in connec- 
tion with the polishing of molds before storage and the 
breaking-in of new molds. In each of these instances 
colloidal graphite functions effectively by virtue of its 
affinity for oil. In the case of molds intended for storage, 
corrosion is eliminated by the combination of a graphoid 
surface and the oil held in contact therewith. In new 
molds the graphite coating provides a working surface 
more durable than oil and makes unnecessary the usual 
practice of lubricating excessively at the start. 

There are numerous other instances of the utility of 
colloidal graphite in glass-working operations, but the 
underlying principles are sufficiently like those already 
described to make further mention needless. 

Fortified with a knowledge of the general properties 
of this type of material, experienced glass men will, no 
doubt, uncover an even broader field for colloidal 
graphite. 
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2. Accheson, E. G. Deflocculated Graphite. Trans. Am. Electroch. Soc., 
12, 29-37 (1907). me 

3. Fink, C. G., and Prince, J. D. The Co-Deposition of Copper and 
Graphite. Trans. Am. Electrochem. Soc., 54, 315-21 (1928). 

4. Bachmann, W., and Brieger, C. Concerning the Cause of the Im- 
provement of the Lubricating Quality of Oils by Means of Grpahite 
Carbon and the Study of the Lubricating Quality by Means of 
Heat of Wetting. Kolloid-Z., 39, 334-46 (1926). j 

. Critical temperature refers to that temperature above which the 
value of a straight mineral oil as a lubricant diminishes rapidly 
when operating under a heavy load 

6. wey F. Lubrication and Lubricants. Ind. Eng. Chem., 2, 
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ELECTION OF OFFICERS ANNOUNCED 
BY CORNING 


Following a recent meeting of the Board of Directors of 
Corning Glass Works the following elections were an- 
nounced : 

Halsey Sales, senior partner in the law firm of Sayles, 
Flannery and Evans of Elmira, New York, succeeds 
James L. Peden as a member of the Board. Mr. Peden 
has retired from the company owing to ill health. 

Frederick H. Knight was elected assistant secretary of 
the company. He has been associated with Corning for 
the past eight years and has, for seven of them, been in 
charge of the company’s Patent Department. 

Newly elected officers of two Corning Glass Works 
subsidiaries, Steuben Glass, Inc., and Corning Realty 
Corporation are Charles D. LaFollette, vice president of 
Steuben, and Charles H. R. Young as secretary-treasurer 
of both concerns. J. Norman Reilly was elected a direc- 
tor of Steuben. 


® The following officers have recently been appointed to 
posts with the Franklin Glass Corporation at Butler, 
Pennsylvania: Eugene Gentil, Vice-Chairman of the 
Board; Robert Ingouf, Vice-Chairman of the Board and 
Treasurer; A. L. Pasquier, President and Managing 
Director, and L. F. Kummer, Assistant Treasurer and 
Assistant Secretary. 
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A NEW MODEL 
POLAROID* 


Glass inspection polariscope 








— | 
Polarizing field is of 6” diameter. The analyzing 
eyepiece is located 14” from the polarizer. The eye- 
piece is a rectangle 314,” x 1” with a facility of vision 
far greater than any unit made previously by us. 
It can be swung to any position from the vertical 
to the horizontal. 
Send for descriptive bulletin 


THE POLARIZING INSTRUMENT CO., INC. 


41 EAST 42nd STREET NEW YORK CITY, 17 
*T.M. Reg. U.S. Pat. Off. 
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GLASS ROLLERS 
GE 


working equipment manvufactur- 
ers: glass ampules, vials, etc. Glass work- 
ing lathes, bench fires and laboratory 
equipment of ail types. Write for catalog 

CHAS. EISLER 


EISLER ENGINEERING CO. 


2-SO. 13th STREET 
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